




MODERN PRACTICE IN 
MINING 




MODERN PRACTICE 
IN MINING 


VOL. I 

COAL 

ITS OCCURRENCE, VALUE, AND METHODS 
OF BORING 


BY 


R. A. €, REDMAYNE, 

M.Sc., M.Inst.C.E., M.Inst.M.E., F.G.S, 

HIS majesty's chief inspector of mines. 

LATE PROFESSOR OF MINING IN THE UNIVERSITY OF HIKMINGHAM. 
C ERTIFICATED COLLIERY MANAGER, ETC. 


loTngmans, GREEI^, and CO. 

3^ PATERNOSTER ROW. LONDON 
NEW YORK, BOMBAY, A^D AlCUTTA 
1908 


All rights reserved 




PREFACE 


The present volume is the precursor of several others, 
which are to be brought out in successive order, the series 
constituting a complete work t)n modern practice in 
mining. 

In view of the many text-books treating of the prin- 
ciples and practice of coal mining, the question may be 
asked,* why add to the number, particularly as some of 
these so admirably fulfil the functions for which they were 
intended ? 

The answer to sucli a query would be that the work 
now being carried out follows lines quite distinct from 
those on which any existing treatise has been constructed, 
and is intended to meet w^ants which have frequently been 
bi;ought before the writer’s notice. 

It if* impossible to treat either exhaustively or 
quately such an extensive subject as modern mining 
within the compass of a single volume, without the book 
assumyig such bulky proportions as to render comfortable 
perusal impossible. Furthermore, mining, as now pro- 
secuted, isjnade up of many branebes, some of which are 
followed as professions apart from general mine engineer- 
ing. Tlyis in the Colonies there is a class who may be 
•called professional prospectors, whose province js the dis- 
covery, but not the development, of mineral deposits. 
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And both in the United 'Kingdom, the Colonies, America, 
and on the Continci^t, there are important companies 
having for their object the carrying out of boring opera- 
tions!, for water, coal, mineral oil and gas, salts and 
metalliferous deposits. Again, there are individuals and 
companies, aoling as contractors for the sinking and lining 
of shafts. Also contractors, who though neither owning nor 
managing coal-mines, engage to work and bring the coal 
to the surface ; and again, the mechanical engineer, whose 
work lies entirely with 4)he mine machinery, and is not 
greatly concerned with the methods of working coal or 
minerals. Unlike the mining engineer, none of these 
require for the study of their own particular department 
a complete treatise on mining. 

Hence the design of the present scheme, in so far as 
it relates to coal mining, is to so divide up the subject, 
and give the latest information thereon, as to render 
each volume a comprehensive manual on a distinct de- 
partment of coal mining. The subject-matter will, there- 
fore, be apportioned as follows : — 

yolufne 1. Coal : its Occurrence, Value, and Methods 
of Boring 

/"olume II. The Sinking and Equipping of Colliery 
Shafts. 

Volume III. Methods of Working Coal. 

Volume IV. Ventilation of Coal Mines. 

Volume V. Mechanical Engineering as appl^d to 
Collieries. 

Other volumes, on metalliferous mining, are contem- 
plated, as^well as t)ne on mine surveying, the latter-the* 
work of *^Mr. H. ^Briggs, B.Sc., A.R.S.M., and will be 
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acWed to this series from time to^time, so that the entire 
•work will embrace a complete schWe of instruction in 
coal, ore, and stone mining, and yet allow of any one 
volume being obtained without committing its owner to 
the acquisition of any others of the series. 

The Writers experience of mining, ^;ctending over 
twenty-four years, chiefly in a mine-managing capacity 
both, at home and abroad, but latterly as a Professor of 
Mining, has impressed upon him the necessity, in ^a 
work of this kind, of a careful, blending of theory Vith 
practice; and it will be observed that, wherever possible, 
theoretical precept has been supported by practical ex- 
ample. Out-of-date methods, whether as to mining or 
machinery, are avoided, and old practices only alluded 
to when warranted by the fact of their being still 
current. In some text-books an undue amount of space 
is devoted to obsolete methods and conditions, which, 
whatever may be their interest historically, are now of 
little or no practical value. 

Formulae when used will only be such ^s experience 
Jias shown to be of real value; and besides giving 
an indication of the reasoning by ^ which theA are 
arrived at, their use will be illustrated by practical 
examples. 

Many of the figures illustrating the text have been, 
and will be, specially drawn for the volumes, but where 
recourse is had to existing illustirations they will in all 
cases*be*duly acknowledged. 

It is not the writers object to make the first three 
chapters of the present volume a substitute for the 
serious study of constructive geology, a knowledge of 
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which constitutes a *mciet important part of the equip- 
ment of the mining Engineer, but rather to supplement* 
such study, and give^in a condensed and comprehensive 
form such geological and chemical facts relating to coal 
as are *of interest from the miner s point of view. And 
if the perusabof the book leads to a wider and deeper 
investigation of geology and the other sciences allied 
to mining, an important part of the writer's object^will 
have been achieved. 

The manner of the occurrence of coal in different 
parts of the world, the chief characteristics, commercial 
value and relative importance of the various solid 
mineral fuels, the means of locating the deposits and 
estimating their extent and worth have been flealt 
with. Passing allusion has been made to some of the 
principal building stones, as beixg of importance to 
mining engineers in respect to the structures they have 
frequently to erect in order to win and work the coal 
deposits. The volume is intended indeed to form what 
may be termed the introductory chapters to a work on 
Coal Minittg. 

Sllice Mr. J. Clark Jefferson read his paper, entitled 
"^Tlistory of Deep Boring or Earth Boring as practised 
on the Continent,” before the Midland Institute of Min- 
ing, Civil, and Mechanical Engineers in 1877, no serious 
work* on boring has appeared in the English language, 
although of la4;e years ^reat strides have been mad^ in 
the art of drilling holes in the earth's crust; and by 
reason of the introduction of new ^d improved methods, 
the rate at which such work can be executed having 
’ vastly increased, whilst the cost has been correspondingly 
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reduced. A r4sum4, therefore, iof •modern methods of 
boring is not out of place, and it^is hoped may be of 
use to the prospector, the well* sinker, the mining 
engineer — whether he be a coal or metalliferous ore 
miner — and others interested in mining. 

O 

R. A. *8. REDMAYNE. 
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MODERN PRACTICE IN* 
MINING 

CHAPTER I 

COAL: VARIETIES, COMPOSITION, AND OCCURRENCE 

Before entering upon a study of the principles of coal- 
mining, it is expedient that one should have a fairly 
comprehensive knowledge of the substance to be mined. 
The chemical composition and physical characteristics of 
fossil fuel, as well as the manner of its occurrence, are 
matters of moment to all those connected with industrial 
enterprise, as well as to mining engineers. 

What is Coal? — Under the head of Coal may be 
comprehended all those solid fuels which are contained 
in the earth s crust, varying greatly in point of age and 
also as to chemical composition ; the figures givei\ in 
Table I,, on the next page, show how great this variation 
may be. 

. It will be observed from this table that, generally 
speaking, the older the geological formation in which it 
occurs the higher is the percentage of carbon and the 
fess the ^mount of volatile constituents in the fuel. 
Woody fibre and peat have been intr#duced into the table 
to furtli^r emphasise this peculiarity. The difference in 
the composition of the fujls is due, however, more to the 
extent of the metamorphic action to which they have 
been ^bjecthd than to age per se. This featibe might 

VOL. I. A 
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Table I,— Composition of some Typical Fue^s, 


JL 


Name of Fuel. 

Percentage Composition. 

Carbon. 

Hydrogen. 

Oxygen and 
Nitrogen. 

•• 

1. Wood from the Shannon . . 

52-65 

5-25 

42-10 

2. Pent from the Shannon . . 

60*44 

5-96 

33-60 

3. Lignite from Cologne . . . 

66-96 

5-27 

27-76 

4. Earthy hiown-coal from Dax 

74*20 

5-89 

•J0-9O 

5. Cannel coal from Wigan . . 

85-81 

5-86 

8-34 

^ Newcastle (Hartley) coal 

88-42 

5-61 

6-97 

7, Anthracite from Wales . , 

92-85 

3-96 

3-19 


have been further illustrated by including “graphite” 
and the “ diamond.” ^ 

Peat. — Peat is frequently, and erroneously, r^arded 
as coal “in the making,” , whereas t7'iie coal, as will be 
presently shown, owes its origin neither to peat bogs 
nor yet to the forest tree, but to forests of crypto- 
gamic plants. Although peat, therefore, properly speak - 1 
ing, is not coal, nor will in the process of time become 
such, yet so considerable are the potentialities of these 
deposits as possible fuel supplies in the future, and so 
mufh attention has of late been directed towards themi,^ 
thdt some notice of the subject in these pages will hot 
be considered out of place. 

^ Graphite (plumbago, blaoklead) consists of carbon with from 0*3 to 0*6 .per 
cent, of impurity, usually in the form of lime, iron, or alumina; but some graphites 
contain a much higher percentage of impurity and are commercially valueless. 
The following is an analysis of a typical Ceylon graphite : — 


Per Cent. 

Carbon 99*3^ 

Volatile matter^ 0^01 

Ash oll5 


The diamond is practically pure tarbon. 

^ In Bussia the peat industry is supersised by a special office under the 
Ministry of Agriculture and Domains [Bureau de V Industrie des rott5««)j And 
an official n^ap was shown at the Paris Exhibition giving inf()rmation of about 
turbaries,” occupying about an area of 398 square miles. 




VARIETIES, a)MPOSIT^ OCCURRENCE . $ 

The formation of peat is comm^njy due to the remains 
df different kinds of mosses, in Gr^ftt Britain chiefly of 
the genus sphagnum, but in some countries it owes its 
origin to other plants. , 

There are several million acres of peat in Great Britain 
alone, varying from 5 to 30 feet in thic^^ness, and in 
North America from 800 to 1000 square miles of a 
thickness of from 5 to 25 feet, besides vast areas in 
Europ'e and Northern Asia. 

The rate of growth of peat bogs is variable, and o«r 
knowledge respecting the same is somewhat indefinite; 
but it has been estimated that some extensive peat bogs 
in Great Britain have increased in vertical thickness by 
3 to 5 feet since the date of the Roman invasion. 

The density of peat is often given as varying between 
0*25 and 1*4; but for the purposes of estimating the 
available tonnage in any given area the figures given by 
Sir Robert Kane may be used, viz. : — 

1 cubic yard of liglit (domestic) jieat weighs 500 11)8. 

1 cubic yard of good peat weighs 900 lbs. 

1 cubic yard of tlie densest peat weighs 1 100 Ihs. ^ 

The fact of peat containing in its natural (Mondition 
so* much water, frequently as high as 90 per cent.* in 
mountain peat, has prevented its more extensive use both 
as fuel and for other purposes. The cost of •drying and 
compressing it acts as a deterrent. 

The, composition of the best Irish (Kilbeggan) dried 
peat may be given as — 



• 

Per Cent. 

Qirbon 


. 61-04 

Hydrogen . 


. 6-07 

Oxygen > 

Nitrogen > 


. 30-46 

Ash . . . 


. 1-83 

• 


% 
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representing a heating value of about 5200 calories, or 
9160 B.T.U., which 'compares favourably with some coals. 

In Germany, peat is being successfully used in the 
generation of producer-gas, the gases made from peat 
being unusually clean and almost free from arsenides and 
sulphur. The chief use for peat in the future would seem, 
however, to lie in the direction of the manufacture there- 
from of carbonised briquettes, though the huge masses of 
raw material that have to be handled in order to obtain a 
comparatively small quantity of serviceable fuel renders 
most, if not all, existing processes unprofitable. Efforts 
are, however, being made in several countries to put this 
manufacture on a commercial footing, and doubtless a 
method will eventually be evolved of profitably utilising 
these vast stores of carbonaceous wealth. ® 

The Classification of Coals. —Coal may be classed 
according to the relative proportion of volatile hydro- 
carbons to fixed carbon in the total carbonaceous contents. 
Thus, taking a sample of Natal coal dried at about 212° F., 
the following analysis is given : — 

Per Cent. 

Volatile liydroctirboiis .... I 07.10 

* Fixed carbon 70*53 > 

Sulphur 4*18 

^ Ash 

« ■ ■ - 

100-(K) 

From the \ow percentage of volatile hydrocarbons’ll 
might be supposed that, adopting the classification given 
below, this was a semi -bituminous coal; but tTie tru^ 
relative values of volatile hydrocarbons to lifted carbon 
are not as 16-63 to 70*53, but as 19 to 81,^ ^hi(^ would 
bring it under the classcof bituminous coal. 

The author has found it advfeable to adopt the follow- 
ing broad classification (of coals), which he founds bn a 

1 For 87’16 : 100 : : 16-63 : 19. * 
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wide experience of a great variety* of coal, British and 
foreign : — 


Table II. — Classification of Coals, 

1 Relative Percentage. 


Class of Coal. 



Fixed Carbon. 

i 

Volatile 

Hydrocarbon. 

Gmeouftj highly bituminous^ or “fat” 



coals 

50 t.) (iO 

50 to 40. 

Bituminnua, further divisible into “house,” 



“manufacturing,” second class “gas,” 
and second class “ steam ” coals . 

68 to 82 

40 to 18 

Semi-hifuminovH^ steam or “dry” coal 
Anthracitic, coals ranging between semi- 

82 to 88 

18 to 12 

anthracitic and pure anthracite . 

88 to 96 

12 to 4 




Numerous other divisions have been suggested ; that 
of Professor Frazer is worthy of notice, and, as being 
frequently adopted, is given below - 


Classes of Coal. 

Bituminous . 
Senii-1)ituininous . 
Semi-anthracites . 
Hard dry anthracites 


Table III. 


from 

7t 


5 ; i to 10 : 1 
9:1 „ ,5:1 
12 : 1 „ 8 : l\ 

J:] „ 10:1 


Distribution and Occurrence of Coal 

Tke World’s Production. — Coal, of all substances 
mined, is^the most widely distributed, and is produced in 
larger quantities than any other commodity. The world’s 
produ^ion of coal during the year 1905 was no less 
than 941,015,007 metrjp tons,^ the value of which was 

* •Bituminous coal is in reality a misnomer, a bituminous coal containing no 
actual bitument hut its use is sanctioned by long-standing custom^ 

• A*raetrio ton (tonneau, millier, or tonne) is equivalent to 2204*6 lbs, av. 
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estimated at more thah £305,000,000 sterling, the chief 
producers being — 


The United States of North America 

contributing 

Metric Tons. 
356,454,088 

Xhe British Empire (of which Great 
Britain and Ireland contributed 
£239,918,239) 

n 

269,929,379 

The GermamEmpire .... 


173,810,669 

Austria-Hungary .... 

>» 

42,454,004 

France 

»> 

36,927,704 

Belgium 

»» 

21,775,280 

Russia 


19,628,008 

.Japan 

„ 

11,542,041 

Spain 


.3,371,919 


Formations containing Coal Deposits.— Though 
by far the greater stores of coal, and those which are best 
in quality, are contained in the Carboniferous system, 
coal is by no means limited to that geological hdrizon. 
Eliminating lignite, which exists chiefly in the Tertiary 
deposits, coal has been found as Iqw down in the geologi- 
cal scale as the Silurian system. The coalfields of Russia 
were considered by Sir R. 1. Murchison to belong to the 
Lower Carboniferous period,^ but others are of the opinion 
that they ar/5 of Old Red Sandstone origin. The immense 
and remarkable field in the provinces of Hoonan and 
Shansi (China) — the latter province enormously rich in 
coal and iron, being, perhaps, even more extensive and 
richer than the great Pennsylvanian coalfield of North 
America — is, like the Indian fields, of later origin than 
Carboniferous times. In Lower Austria coal is mined 
from seams in the Triassic, Liassic, and Upper Cretaceous 
formations. The small coalfield at Brora, neai5» Dornoch 
in Sutherlandshire, is of Lower Oolitic age, asj is^lso a 
small field in Skye. In,. Canada, the coal of the Pacific 
Coast, generally bituminous, is of Cretaceous age. The 
thick seams of excellent coal in the vicinity of , the Crdw’s 

^ Rvkuia and the Ural Moufdaine, vol. i. p. 69. 
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Nest Pass* (Canada), which are i!c|,w being extensively 
exploited, belong to the Cretaceous* period. True coal 
and anthracite are found in the Cretaceous and Jurassic 
rocks of Peru, whilst the coalfields of Cape Colony, the 
Transvaal, and Natal are, in all probability, of Triassic 
age and subaqueous origin. 

The Carboniferous System in Great Britain.^ 

— The largest number of fields of bituminous coal and 
anthracite belong, as has been said, to the Carboniferous 
system — the great majority of the British coalfields, for 
instance. Broadly speaking, the Carboniferous system of 
the United Kingdom can be divided into three sub- 
divisions. 


l. Coal Measures. 


2. Millstone Grit. 


3. •Mountain or Car- 
boniferous 
Limestone. 


' Strata of shale and sandstone, with occasional seams 
of coal, fireclay, and, in some fields, ironstone. 
Is further divisible in some of the fields into 
Upper, Middle, and Lower Coal Measurivs. Total 
thickness varying from GOO to 10,000 feet. 

' Usually a coar.se cjuartzose sandstone, which has in 
some ])art.s lieen used for millstones, witli beds of 
shale, but rarely of coal. Sometimes exceeds 600 
feet in thickness, and is known as ^‘Farewell 
Rock.” Absent in some coalfields. 

f Limest(Uies of vaiying thickness, u-ttb some calcare- 
ous shales, sandstones, and grits. In part of North- 
umberland containing several workable seg-ms of 
coal. Total thickness very variable, being Some- 
times more than 2000 fe#t. Entirely absent in 
several of the coalfields, as, for instance, in 
Staffordshire and Warwickshirl, where the coal 
measures rejKjse directly on a Silurian floor. 


► The extent and relative positions of the British coalfields 
are showft on the accompanying map, Fig. 1, in large 
measure 9 copy of that submitted by Professor Hull to 

^ Foi^a synopsis of what is known concerni^ the geological conditions, extent, 
and available resources of the dbalfields of the United Kingdom, the reader 
caniMt do better than refer to The Coalfields of Great Britain^ by Edward Hull, 
M.A., F.R.S., and the Reports on the Available Coal Rciourcci of the lifiriotu DUtriotSi 
by tbe*Boyal Commission on Coal Supplies, 1905. 
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the first (Argyll) Royal Coal Commission, and published 
by them in their Report of 1871. 

The British Coalfields. — Professor Hull has 
divided the coalfields into groups, and his arrangement 
is, with some additions, here reproduced as being the most 
convenient. 

I. English Coalfields 

Midland Group. — I . North Staffordshire; 2. South 
Staffordshire ; 3. Leicestershire ; 4. Warwickshire. 
Nbrth Midland Group. — 1. Yorkshire: 2. Derbyshire 
and Nottinghamshire. 

Great Nm-them Group. — 1. Durham and Northumber- 
land ; 2. Cumberland. 

N orth- Western Group. — 1. Lancashire and East Cheshire ; 

2. Coalbrookdale (or Shropshire) ; 3. Forest of Wyre. 
Western Group). — 1. Bristol and Somersetshire ; 2. Forest 
of Dean. r 

Southern Group.^ — The Kent coalfield. 


II. Welsh Coalfields 

1. South Wales Field ; 2. Denbighshire ; 3. Flintshire. 


III. Scottish Coalfields 

1. The Clyde Basin ; 2. Midlothian; 3. Haddingtonshire; 
4. Fifeshire ; 5. Ayrshire ; 6. Lesmahagow ; 7. 
Canobie. 


c IV. Irish Coalfields 

1. Northern Group; 2j Southern Group. 

It is probable that, in the majority of cases^ thfe coal- 
fields of Great Britain are*geologically of the same age, and 

> This ooaiaeld, the positive eiistenoe of which has been proved by bonnin 
Md sin^gs stooo the first edition of Hull’s work, was not included In his group- 
ing of the flelas, nor is it indicated on his map. • 
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at one time constituted one conCIquous tract. Through 
the agency of past denudation they now form detached 
areas. As to the nature of the coal considerable diversity 
exists, and this variation, coupled with the abundance of 
the different classes, has conduced more than anything 
else to the establishment of British commercial greatness. 

Coal-mining, until comparatively recent times, was 
carried on to a greater extent in some fields than in others, 
that is to say, the coal was easier got, of better quality, 
or nearer to centres of consumption or the sea board tjian 
in the less worked fields. Gradually, however, tlie other 
fields began to be developed, so that at the present time, 
whilst some of the coal-mining districts may be regarded 
as progressive areas, that is to say, have not yet attained 
to tbe zenith of their productive development, others arc 
either stationary or retrogressive. And though some of 
these latter may show increased annual production, this 
is due rather to augmentation of output from existing 
collieries than to any further extension of development. 

Quality of the Coal in the different Fields. — 
Allusion has been made above to the great variety of 
coal mined in the United Kingdom; this variation in 
quality is found to exist also within indivichial £elds. 
For instance, good coking coal is mined^ncar the banlis of 
the river Tyne, west of Newcastle ; yet close to Newcastle 
itself the celebrated Wallsend household tjoal was pro- 
duced. What is said to be the finest coke in Europe is 
made*from coal worked in the western and south-western 
portion <cf the Durham part of the Northern field, yet 
good ^a^and first-class house co&ls are raised from the 
collieries in the central and eastern districts of Durham. 
The chief steam-coal producing districts are South Wales, 
Northumberland, some of tbe Scottish fields, and to some 
extwit, also, Lancashire, North Staffordshire,**and York- 
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shire. The Midland ,fifel(j[s, however, yield prmcipdily 
house, manufacturing^ and iron-smelting coals, as weS* 
as coals of gas and coking quality. 

The quality of British steam-coal, especially that 
derived from the central part of Glamorganshire in the 
South Wales coalfield, is regarded as superior to all other 
steam-coal at present in the markets of the world. 



The South Wales coalfield, with the exception df the 
Clyrfe basin, is the largest in the United Kingdom^taking 
into consideration only* the exposed portion of Jhe latter 
field (see Fig. 1). It is also remarkable for the* great 
variety it presents in the character of its seams! In 
Monmouthshire these are bituminous, but become lass 
so towards*the south-west, until in Mid-GlamoVgan fliey 
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coustitute the smokeless steam-c8^, used in the Eoyal 
and some other navies.^ Towards the west (Pembroke- 
shire and Carmarthenshire) the seams pass into anthracite. 

As illustratiDg the relative importance of the several 
fields, the approximate annual production therefrom in 
millions of tons (based on the returns for 1906) is given 
below : — •* 


rFifeshire 

Scotland -I Lothian, Clyde, and other coalfields 
VAyrshire 


Million Tons. 

■ ’ll 

: iJ- 


England 


Great Northern coalfield 

Cumberland 

Chester 

( Yorkshire 
Derbyshire 
Nottingham 
Leicestershire 
Lancashire . 

N. and S. Stafordshire 
Warwickshire 
Shropshire . 
Worcestershire . 
Gloucestershire . 
Somerset 
Monmouthshire . 


52 \ 

1 


61 i 


24J 

135 

4 

i 

i 

i 

1 

• 12i/ 


174i 


. Wales 


South 

North 



Ireland 


A 


Available Supply of Coal in the British Fields. 

— Th« final Report of the Royal Commission of Coal 
Supplies^ was issued in January 1905, and from it* are 
gleaned ^e following particulars 5— 

Thh estimated available quantity of coal in the proved 


.. 1 The available resources of flrst*clasB Welsh steam-coal were stated by the 
recent Boyal Commission on Coal Supplies to be amply sufficient to supply the 
British Navy for many years to come, being estimated at 39^7 million tons, 
wfaHi^.the present annual output is 18 million tons. * 
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coalfields of the Kingdom up to a depth of 5000 

feet from the surface is estimated at 100,914,668,167 
tons; and of this amount 79*3 per cent, is contained 
in seams 2 feet thick and upwards, and 91*6 per cent, 
in seams of 18 inches and upwards. The resources in 
the proved fields below 4000 feet are estimated at 
5,239,433, 98(r tons, and in unproved fields at depths 
less than 4000 feet at 39,483,000,000 tons. 

As to the duration of the coalfields, the Commission 
hesitated to pronounce definitely. Over the previous 
thirty years the average increase in output has been at 
the rate of 2^ per cent, per annum, but the Commission 
considered it highly improbable that the then rate of 
increase of the output would be long continued, owing 
to physical considerations. • 

The extent and relative positions of the great coal- 
fields of the United States of America are shown on 
Fig. 2, which is interesting as a comparison with British 
resources. 

Varieties of Coal. — (l) Lignite or Brown-Coal. 
Differs from ordinary coal in that its formation is the 
result of partially mineralised wood. Frequently, in- 
deed,* it has the appearance of charred wood, and retains 
mucfi of its fibrous structure, but sometimes it is pitch- 
like, showing no vegetable structure whatever. 

Lignite i^ of Tertiary age. In Britain deposits are 
found in the Lower Miocene formation at Bovey Tracey 
in Devonshire, the lignite being associated with b8ds of 
sand and clay, surrounded by the granite and otter rocks 
of Dartmoor, and fornfing a plain ten miles loi^ by two 
and a half broad. Tlie^ vegetable matter from* which 
these lignites were made was largely derived from various 
species of sequoia, especially the Wellingtonia. The 
deposits at*e very impure, and have not been worked 
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since the year 1894, for which y^r the output amounted 
to only 334 tons. • 

Very large quantities^ of lignite are produced in other 
countries. More than a quarter of the coal output of the 
German Empire, or 52 million (metric) tons, is brown- 
coal. France raises three-quarters of a million (metric) 



• Fia. 2.— Mapjof the Coalfields.K)f the United States of America. 


tons, aiffl more than one-third of the total New Zealand 
coal putput (or about 600,000 metric tons per annum) 
is brown-coal, most of which is obtained in the southern 
district of Middle Island, much of it being worked 
bpen-cagt,” as shown in Fig. 16, p. 49. ^ 

^ ^ The figures given are those for the year 1905. 
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In the Teplitz baisin in Bohemia the seams often 
reach a thickness of* 98f feet in the Lower Miocene ; 
and in the Upper Oligocene, in the same basin, there ^ 
are seams 3 feet in thickness. In Styria there are 
seamS of from 50 to 100 feet thick, and in one place a : 
seam nearly 200 feet thick in the Miocene formation. 
Austria contributes over 22 million (metric) tons of 
lignite per annum to her coal production. In Spain 
the lignite is entirely confined to the beds of the 
Cretaceous period. 

*The following table affords important information as 
to the value of some of the better known lignites : ^ — 


Table IV. — Composition of Lignite. 



Percentage Composition. 



Country. 

Carbon. 

Hydrogen. 

Oxygen. 

• 

Nitrogen. 

Waste. 

Ashes. 

Specific 

Gravity. 

Tasmania . 

France .• 

„ ... 

Switzerland^ . 
Gree<^ 

Bohemia . 

Germany . 

Persia . , • . 

Siberia 

50-90 

70-49 

63-88 

70-02 

61-20 

73-79 

•70-12 

60-83 

63-55 

47-46 

4- 66 

5- 59 

4- 58 

5- 20 

5- 00 
7-46 

3- 19 

4- 36 

6- 68 
4-60 

16- 99 
18-00 

17- 10 
20-50 
23*50 
12-79 

7-59 
23-50 
26-00 
32 09 

1-08 

0- 93 

1- 00 
1-27 
1-28 
1-00 
1-00 
1*14 
1-93 
1-03 

13-43 

.V-'63 

9-07 

4-64 

4-99 

13- 43 
3-01 
9-02 
496 

15*47 

2*43 

3-05 

14- 96 

Varying from 0’6 to 1*5 


T 


The more pitch-like variety of lignite, siioh, for 
• instance, as is found im Arkansas (U.S. A.), is fiyquently 
unfit for fuel, as it softens at a low temperature. * ^ 

(2) Carmel Coal and Coal G^s . — Cannel coal, when 
once ignited, continues to burn with a steady clear flame, 

^ See^ioonomio Geology, by D. Page, LLD.,.F.G.S.,|p. 161. 
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emitting much smoke, until consumed, and it is from 
these properties that it derives its n%me.^ 

It is usually smooth, and of*a dull black colour, 
though some cannels are possessed of a lustrous appear- 
ance. It does not soil the fingers when handled,* and 
on being broken across the natural partings presents a 
conchoidal or shell-like fracture ; in fact, it*has much the 
semblance of pitch, and though undoubtedly having a 
plant origin, as shown by the impressions of stigmaria 
sometimes present, all indications of vegetable fibrous 
structure have entirely disappeared. When scratched it 
shows a brown streak. From the manner of its occur- 
rence, it being found in basin-shaped formations, its 
association with shales (arenaceous and argillaceous), and 
the absence of true under-clay, cannel coal is evidently 
a “drift” deposit. It sometimes grades into an impure 
coal or shale, and frequently forms a distinct layer above 
or in a coal-seam, as,* for instance, in the Moss seam at 
the Homer pit of the Stafford Coal and Iron Company, 
which seam is there found at a depth of 851 yards from 
the surface, having the following section : — 


ft. In. 


Roof — dark bind. 

Cannel coal (inferior) 

. 1 

•o 

Coal (good) .... 

. 0 

6 

Cannel (inferior) 

.• . 0 

6 

Coal (good) . . . . 

. 6 

4 

Floor— fireclay. 

• 



The cannel in the above seam, though inferior as a 
house coal, is suitable for generating gas. , 

' In Lalfcashire this coal was actually used by the poor in the seventeenth cen* 
tury as a st^stitute for candles. “ This neighbourhood (t.c. Haigh near Wigan) 
abound£(*with that fine species of coal called cannal or candle. It is curious and 
valuabl#, and besides yielding a clear flame when burnt, and therefore used by 
the poor as candles, is wroaght»into candlesticks, plates, boxes, &c., and takes 
a fine polish like marble” (Camden’s Britannia^ Gough’s ed., vol. iii. p. 390). It 
is also called Parrot ” coal in Scotland because of the craoklizt^ noise it makes 
whemburning. ^ 
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A sample of Newbittle (Scotch) caiioel coal is thus 
described by Mr. G.,R. Hislop, F.C.S.,^ &c. : “The coal 
inclines to brownish-tilack, possesses considerable lustre, 
and yellowish-brown streak; fracture generally inclines 
to slaty, but in part irregular to curly, with impressions 
of stigmaria; cross fracture inclines to conchoidal, but 
partly angulaf to curly, with deposits of ferric bi»sulphide 
and calcium carbonate in the natural partings. Very 
cohesive and compact; on the fire it partly and very 
slightly intumesces but does not agglomerate ; colour of 
ash, brownish-white; thickness of seam, 8 inches; mean 
specific gravity, 1*175 ; weight of a cubic foot, 73*43 lbs.” 

P(U‘ Cent. 

Volatile niattevs (containing 0*56 of sulpluir) . . 50’23 

Coke, consisting of — 

Carbon 44*06 

Sulpliur .... 0‘24 

Ash 4*33 

4 48*63 

Moisture 1*14 

100 *00 

The relative yields of gas per ton of coal for some 
typical cann^ls ^re given below. 


Ta^le — Yield of Gas ;pei' Ton of Cannel Coal at 600° F. and 

• 30-^w. Bar. 





• “ ■ 



Country. 

1 

• Name of Coa]. 

Yield of Oas per 
Ton of Coal in 
Cubic Feet. 

Illuminating 
Power of the 
Gaa in Standard 
Candles. 

Kemarks. 


j 

Newbattle cannel ; 
coal 1 

} 13,720 

,35*24 

• 

Very rich 

Scotland . « 

Anchloehan ^Les- , 
mahagow six feet 
cannel coal ; 

1 12,716 

32*43 ( 

• 

iRich 

• 

. Laneasliire J 

Collins greea , 

cannel , 

} 13,440 

35*78 

Very rich 

1 

Colbome gas coal | 

1 

12,620 

20*42 



4 Andysn ofiritUh CoaiU and Cokey hj A. Green well and J. V. Blsden, p. 267. 
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Coal <yas.— Cannel coal is i!%d entirely for the 
generation of gas, and, on account >f the high illumi- 
nating power of the gas distilled from it, cannel 
18 frequently mixed with poorer coals. The value of 
cannel gas as an illuminant, as compared with that 
produced from other coals, is due to the higher per- 
centage it contains of heavy hydrocarbons. In ordi- 
nary gM the diluting and non-luminous burning gases 
are hydrogen, carbonic oxide, sulphuretted hydrogen, 
and the vapour of carbon disulphide, and in the puri- 
tying processes the object is to withdraw these gases, 

1 he comparative merits of cannel and ordinary gas coal 
lor dlummating purposes are shown in Table VI. (see 
oir H. Roscoes “Elementary Chemistry”). 

Table VI._J amparoiioc Statement ax to Value of Cannel ami 
Onlmary Coal Gas. 


Caiinol gas 
(loal gas . 



1 

ConiiMiaitlon in lOO Volumes. 


Illuniiiittt- 
I Ing Power 
in Candles 
per 50 
Cubic Feet. 

1 - - 

1 

! Hydivigen 

1 (If). 

j 

Marsh 

Cas 

1 

I 

Heavy 

Hydiv>. 

carbons 

j 

1 

I £(piHl to 
Iiellant 
Gas 

('arl)onic 

Oxide 

(00). 

• 1 

Nitrogen, 
llxygen, 
and Car- 
lionic Acid 
(0, N, and 
CO,). 

S4-4 

j 25-82 

^ 51-20 j 

]3'06 

(22-08) 

7-86 • 

2fi7 

j 13*0 

47 -60 

41-43 

3-05 

(6-J7) 

7-82 

• 


Bituminous Coal: Its Formation, Structure 

ha bctfn described, but the mode of origin of so-called 
lituminoq , or common coal as it occurs in our coalfields 

coal ^‘"ted that the 

coal measures comprise alteratioqs of sandstones, shales 

thSZs^RTwi!^® sandstones having a predominating 
thickness. Both the sandstones and shales appear to have 

been depted in, comparatively speaking, sh!lfdw water, 
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and during a slow, anS probably intermittent, depression 
of the surface, these ^reas of shallow water being fed by 
rivers (as. is exemplified in the case of the Mississippi), 
bringing down continuous supplies of sediment, mud, and 
sand ; and just as we see at the present day in the deltas 
of great rivers in warm climates, this area was occasionally 
covered with vast forests, though the growth was of a very 
different kind, consisting of gigantic club mosses. And, 
like the deltas alluded to, these great tracts were occasion- 
ally — long periods intervening — submerged beneath the 
fresh or salt water by the land sinking a few feet. 



jPiQ, Z.-^Stigmaria ficoides, (One-fourth natural size.) 

(Nicholson’s Manual of Palceontology. W. Blackwood & Son.) 

Immediately underlying nearly every coal-seam in the 
United Kingdom is a bed of arenaceous shale, termed, an 
underclay, varying from a few inches to several feet thick. ^ 
It is these beds which, in their purer state, are frequently 
mined for fireclay, Mr. J. Beete Jukes,' in describing 
the fireclay in Staffordshire, defines these fireclays generally 
as*** a clay having a certain proportion of silica in its com;, 
position, and therefore capable of making firebricks. It 
is generally unctuous to the touch as soon aa it is- got, 
which the other argillaceous beds rarely are. It is com- 

1 Some of the fireclays are over 10 feet thick, notably in South Wales and 

Sputh Staffordshire. ' 

* On the Oology of the South Su^ffordshU'e Coalfield, by J. Beete Jukes, M.A., 
^ FtC-S., ac. ; Reoordt of the School of Minet, vol. i, part ii. p. 162. 




1 - 11 } Fcil found .t a depth of* 288 feet from the surface 
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present. Sometimesj though rarely, the underclay has 
become greatly silicified and very hard ; it is then known 



Fia. 4. —{2) Root or ntigmaria of 
fossil tree. 



Fio. 4.— (3) Fact* of fla'itened 
part at top (a a to & h). 


by the term “ ganister/’ ^ The uyderclays constituted the 
ancient soils in which the cryptogamic forests grew, and 



(Nicholson’s Manu^ of Palaoritolofjy. W. Blackwood &^on.) 


witness to the terrestrial nature of formation *ofcthe coal, 
and in them are found remabis of stigmaria (Fig. 3), 
which are the roots of the cryptogamic plants, while in 


^ Largely used to line * ‘converters’* in steel manufacture* owing ^o its very 
refractory character. 
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the overlying shales or roof of seams are found the 
trunks, or sigillarim (see Fig. 5 ), but no stigmarim. In 
fug. 4 18 shown a fossil stem of such a “tree” found 
above the High Main seam at Killingworth Colliery in 
mrthumberland, at a depth of 288 feet from the surface, 
sketched by the late Mr. Nicholas Wood,* the length of 

the fossil being about 1 4 feet. 

In the overlying roofs of coal-seams, when they are 
formed of shale, which is commonly the case, remains of 



Fio. C . — rccopteris clUptwa. 
(Nat. size.) Frosfcburg. 
(Sir C. Lyell’s EUmenU of 
Geology. J. Murray.) 



Fig . 7. — Cavloptm^u prirnwra. 
(Sir C. Lyoll’s Elements of 
Oedogy. J. Mur^iay.) , 


* 

ferns (Figs. 7 and 8 ) and flattened triTnks of trees are 
very frequent, liut never stigmarim, all ot which point 
to the one conclusion-that the underclays constituted 
^ the n»rshy ground, in which grew the forests of crypto- 
gams. ^Other fossils characteristic of the true cbaP 
measures ^are shown in Figs. 9 , 1», and 11. 

, When the extraordinary purity of some coals is con- 
siderea. the percentage of ash ‘in many instances being 

• Durham, vol i p 208 
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below 2 per cent., it^ fs difficult to realise that it owes 
its origin to vegetable matter growing in swamps, as 
occasional inundations, one would suppose, would carry 
infiltrating mud into the swamps. The late Sir Charles 
l^yell * accounted for this by instancing the case of the 
Mississippi, and what is now taking place in deltas. 

I lie dense growth of seeds and herbage which encom- 
passes the margins of forest-covered swamps in the valley 
and delta of the Mississippi is such that fluviatile waters, 



Fl«. H. -Odofitopteri9 HrA/ot/ifirnii. 

(NKholsoir. Mmual cf PaltrmMayf. W. Blackwood ft Son.) 

in passing through them, are filtered and made to elear 
themselves ocitirely before they reach the areas in which 
vegetable matter may accumulate for centuries, forming 
coal if the climate be favourable. There is no posMbility 
of the least intermixture of earthy matter in s^ch cases. * 
Thus, in the large wbmerged tract called the ‘Sunk 
Country,’ near New Madrid, forming part of tie western 
side of the Mississippi, erect trees Jiave been standing ever 
since tlie year 1811-12, killed by the great earthquake of 

* V ty sir Chkrla Bydl, Bart, F.ItB.* p. S93. . 
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that date; lacustrine and swamp pl&nts have been growing 
there in the shallows, and several riv^ have annually in- 
undated the whole space, and yet have been unable to carry 



(NicMtiOu’s Manual of Paltfmtdogy, W. Blackwood k Son.) 

in any Wiment within the outer boundaries of the morass, 
so dense is the marginal belt of reeds and brushwood/’ 
Bituminous coal is, then, chiefly derived f]:tnu sigilla- 
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roid trees, ferns, *and it is affirmed by some geolo- 
gists, from the examination of microscopic sections of coal, 


a 



Kio. 10 . — Lfpidodtndrmi ttcndurgii. Coal measures, near Newcastle, 
(t, Branching trunk, 40 feet long ; A, Stem with bark and leaflets ; 
c, l*ortiun of same, natural size, nearer the root. 

{Sir C. Lyell’s Elements of Qiolwjy. J. Murray.) * 


that it is ill great measure composed of the spores of 
these plants, termed macrospores* and microspores.* 



Kl«. 11. — Asterophyliitci fotiosus, 

(Nicholson's Maimd of Palcwtt(Jo(fy. W. Blackwood & .^n.) 

< 

Varieties of Bituminous Coal.— Undei^thjs head- 
ing may be included all those coals occupying a place 
between lignite at the one extreme, and anthracite at the 

^ Tbo lat|k Frofossor Huxley, for instauce, ** Critiques and Addresses,'* 
Cnamp^ry HevUte, 1870, p. 92. * 
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other. Percy subdivided bituminous coals — he preferred 
the term “flaming” to bituminousr^-for economic pur- 
poses into — (1) Non-caking or fire-burning, being rich in 
oxygen ; (2) caking ; (3) non-aiking, being rich in carbon. 

A broad commercial classification would be — (1) Gas; 
(2) coking; (3) house; (4) manufacturing or^iron smelt- 
ing; and (5) steam coal — all of which grade one into 
the other, so that a coal occupying an intermediate place, 
say, for instance, between house and gas, would be termed 
a second-class gas coal, and would be sold either for gas- 
making or as a domestic fuel. The author has drawn up 
a series of tables showing analyses of liigli -class coals 
typical of each class, which can be used for purposes of * 
comparison. 

(ir Gits Coal, — This subject has already been treated 
under the heading “Oannel Coal” (see p. 14). A good 
gas coal should yield aj)Out 10,50(1 cubic feet of gas (at 
60® F. and 30-in. bar), with an illuminating power e(|ual 
to sixteen standard candles. The sulphur contents of the 
coal shouhl be below I per cent., as, on distillation, it is 
emitted in combination with hydrogen as sulphuretted 
hydrogen, which is not only an evil-smelling and poisonous 
gas, but acts as an adulterant to the illuminating gAges. 
Many gas coals are also sold as house coals. 


Table VII. — o'w Cixiitf. 


• 


i ’onipoBltinn. 


u . 

fij 

Name of ('oal. 

• i 

i 

District. 

li ■l£j 

1: £ 
je ja 2 

Sf S £ 

* • j » 

r- 

£ 


ill 

* - - 


■ ~ 

. ) - 



— 

North BitAbunij 

liui-ham . 

62-32 j 31-32 

0-41^4 35 1-OD 

67 

H»,80D 

IH'IO 

* j 

Auohlocban \ 


« i 

i 




Six-Feet V 
Splint j 

Lannrkithire 

^U•9f^ ! .17-14 

0-34 4-a} K-.lfi 

67 

lO.fiSfi 

22-18 

HitclK*) Mftin . | 

Yorkahire . 

W-3(» 29-ri.l 

153 4 5 Hi" 

67 

inBoo 

1 18-10 
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(2) CoktJiff Goal *18 black and shiny, and usually 
friable; on heating,, the coal swells up or intumesces. 
It burns with a short flame. If used for household pur- 
poses, the fire requires more attention in respect of poking 
and breaking up than an ordinary house-fire coal. 

The cause of the caking or coking quality is not fully 
understood. Two coals may possess the same ultimate' 
analysis, and the one be of a good coking quality and 
the other not. 

, As coke is used mostly for metallurgical purposes, 
the coal from which it is made should be low in sulphur 
and phosphorus,^ as these elements are injurious to the 
metals; and low in respect to ash contents also, as the 
ash not only limits the heating value of the coal, but 
increases the amount of slag produced. • 

The purest coke known is Ramsay’s Garefield (Dur- 
ham) : — 

Per Cent. 

C’arbon 97*6 

Sulpliiir 0’8,5 

Ash 1-55 

(3) Coal, — It is difficult to exactly define a 
house-fire coal, as nearly all coals are used for domestic 
pujposcS; and many which are sold as gas and ste^im 
coals are also sold as “house-fire” fuel. The finest house 
coal ever put on the market was, probably, that obtained 
from the I-Tigh Main seam at the Wallsend Colliery on 
the banks of the Tyne, 

• 

i The expression “ altimale analysis ” is used to signify a more detailed 
and complete determination of the elements making up the coal t^an a '* {ffoxi* 
mate analysis/* which gives smeroly the percentage of fixed carbon, volatOe 
hydrocarbons, sulphur, ash, and moisture, e.jr. Table VIII. coiaains results of 
some ’* proximate analyses,** whereas the first pert of Table XI. give# ** ultimate 
analyses*’ of steam ooals. * * 

* Although In the basio process of steel manufacture, so far as the phosphoms 
k oonoemed, this is not of so much importance ; in fact, where the basic slag is 
profitably soki as manure, it may be a positive advantage tbair the ooke should 
bo high to pbosphoitii oontents. * 
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Table VIII. — Coking ObaU. 



The following analysis of coal from the Iletton Coal 
Company’s collieries in the county of Durham may well 
serve as a standard for comparison : — 



IVr Cent. 

Carbon 

TTO? 

Oxygen . 

11*85 

Hydrogen . 

4*04 

Nitrogen . 

1 *04 

Sulphur ; 

1*28 

Ash . 

2*44 

Water 

a 2*28 

Coke 

r»5'20 

Volatile matU^i’s 

.14 *80 


What are the requirements in a house-fire coal ? It 
should be capable of producing a good bright fire — 
not too fierce, as would be the case with an iron- 
smelting, and, still more, with a steam coal, hence the 
fixed carbon contents should be below those of a steam 
coal. A coking coal does not, for reasqps already 
stated, make a good house coal, and a coal high in 
sulphur^is also undesirable. The ash produced in burn> 
ing the coal should be small in quantity, grey and 
cindery, aS compared with the sofu white powdery ash 
characteristib of a good steam coal. In Table IX. are 
given the proximate analyses df several well-known 
house-fire coals. 

‘ XhOM perceo/Aget were obtained in laboratory experimenU, and«it i« donbt* 
fial wbetter more than 68 to 70 per oMit would be leonred in actnai nuuiii£aotaie. 
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T^ble IX . — Houm Coal* 



1 * • ' 

1 




i Colliery. 

j • 

I ; 

! ; 

: Volatile 
Hydro- 
1 carbons, 

Sulphur. 

Ash. 

Mois* 

ture. 


i Per 

1 Per 

Per 

I’er 

Per 

1 

i 1 Cent, 

Cent. 

Cent. 

Cent. 

Cent. 

l^imbton 

1 Durham ' 59*40 

i 33*31 

1*5C 

4*23 

1*50 

* (Trobble Nut.?) 

i 

1 1 

i 1 

1 i 


1 

! Great Western 

I (No. 3 Khondda) 

I shire 

24*58 

(0-74 q 

1*(;4 

1*59 

1 ('an nock and 
|i Uugoley 

! SU'ifford- 1 .. 

1 shire , ( 

, 33*59 ! 

! ; 

1()(> 

3*01 

1410 


(4) ManvfaduriiKj or Iron-Snielting CoaU — Should 
he low as to sulphur and ash contents and high in fixed 
carbon, tliough in the latter respect below that of a first- 
class steam coal, unless the fuel is to be used undcy forced 
draught (iron smelting, for instance), in wliich case it 
would pay to purchase coke in preference to a smokeless 
steam coal or anthracite. 

(5) Steam Coal. — The items of most importance in 
steam coal are the heating power, the nature of the ash, 
and the amount of sulphur present. The heating power 
is very largely dependent on the carbon contents, but 
th(fi'e should be sufficient volatile hydrocarbons present 
to allow of ea^ ignition and consumption of the fixed 
carbon. It the moisture is high a considerable quantity 
of heat is tendered non-effective, in that it is expended 
in evaporation. Sulphur acts detrimentally in eating 
away the fire-boxes ; and ash, as it is an inconrt)U8tible, 
reduces the value of a coal. The coal, o(i burning, 
should not form clinicer, but leave a light soft^ash, usually 
white, which protects J/hc fire-bars from the bait of the 
fire without clogging or sticking to them. 

* (knitainixl ill the ash ami vohilile matter. 

* WiU\ cxoi'ption of some Scotch furnaces, and a few^in North Stafford* 
•hire, little, if any, iron smelting is now done by coal. 
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The chief constituents of the aslj of coals are silica, 
alumina, oxide and bi-sulphide of ir<)n. Sexton gives 
the following as examples of the composition of ash 
from coals : — 


Table X.^ 

—ComiHm'tioH of the Ash in Coal 


... 

1 


. St 



1 


3 . 

4 . 

Amount of ash 

. i 

(;-94 

2-01 

14-72 

Hilica 

. ; 40 

28-87 

.31-21 

53-00 

Alumina } 





Oxide of iron f 

. ; 44-7S 

HiJ-Of) 

52-00 

.35-01 

Lime 

. i 12-00 

5-10 

o-io 

3-im; 

Magnesia * . . 

. 1 trace 

liO 

O-(i0 

2-20 

Sulpliuric acid (SO.,) 

. . .! 2-22 

7-23 

412 : 

4-80 

PlRwplioric acid (P-jOj 

• 

. i o*7r» 

0-74 

0-0.3 : 

0-H8 


i 00-75 1 

08-08 ! 

07-82 

00-02 


• The lime and magnesia have a fluxing influence, and a 
higli percentage of oxide of iron - may cause the asli to 
fuse into elinker, but the fusibility of an ash depends 
rather on the relative proportion of the several con- 
stituents tlian the presence of any one in excess. 

Anthracite may be defined as mctfimorphosed bHu- 
minous coal, or coal from which nearly^ all the volatile 
matter has been expelled by heat, due either to pressure 
or the proximity of trap rock. Anthracite is glossy 
black, land when handled scarcely soils the fingers. It 
’"is hard, compact, and difficult to ignite, l)uriring 
without llame or smoke, and giving out great heat. 
Its USQS are chiefly for malting, where a steady heat 
is required, for hot-hquse 8to^^e8, iron smelting, and, 

* Futl and Jk/raetory Materials, by A. H. Sexton, F.I.tJ., F.C.8., iRt cii, 
P'76. • 

’ Toe iron exists, of course, in the coal as iron pyrites, i.e. sulphide of iron. 
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Tablb X >. — Compmtion of Steam CoaU, 

9.^ 

; I I mtlnmte Analysto. 


IXatrict. 

Carbon. 

d 

1 

!f 

1 . 

1 s 

1 

1 

i 





S? 

to 


Rhondda 

Valley. 

86*48 

4*04 

; 3 *62 

0*88’ 

0*70 

3*04 

Glamorgan* 







ehire. 



; 1 




Aberdare. 

Glamorgan* 

91*11 

3*95 

i 

OfK) 

1 

0*52 

1*97 

Khiro. 

Heaton 

Delaval, 

79*(» 

5*06 1 

10 75 ' 

1 

0*76 

2*81 

Northumber- 


1 


1*02 1 



land, 



1 






NrtngutH»n «fnc;kolei« l Rhondda 
Valley, 

Western Oolhory. j (ilainpnfan- 

(JwnJ^inmaTI smoke- Abordare. 

raw etoam of>al. (JlomorKan- 

HajUntya Hnrvev ^ sJUSn 

Main ctwl, j Delavnl, 

Heaton DehivakCJol- Northumlier- 
I land. 


j 

f*roxlmate AnalysU. 

1 Heating Value. 

Mobture. 



1 s* 


1 

Volatile Hyd 
carboiA. 

ji 

Fixed Carboi 

Caloriea. 

1 In 

si" 






^ 1 

1*24 

18*63 

3*04 

77*19 

7765 

14*44 j 

0*70 

11*76 

1*97 

85*67 

■“ 1 

13*93 


34*17 


ooke 

1 




66*83 

7709 1 

14-36 


xnw) great request for the genera-. 

gaj. I. .k„. tte „,p„ 

wacIwB the enotmoue figure of 69,339,152* fioue trae 
» ^«».t 3,171,346 loug too, io the Doited Kf'gdoo.' 
wthracite is very largely used <(s a house fuel in some 
of the gi^t towns to the exclusion of all other kinds 

* Theae figym for the year 1905. 


Motetnre. 
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of coal, hence the beautifully deal atmosphere of New 
York, Boston, and Chicago. ^ . 

In the following table the composition of a variety 
of anthracites is given. The best are those from South 
Wales, which produces the finest anthracite in the world. 
The calorific power of good anthracite is very great; 
taking the Gamaut Peacock vein coal (Carmarthen), for 
instance, it is 8G24 calories, equivalent to 16'06 lbs. of 
water evaporated from and at 100° C. per pound of coal 
burned. 

Table XII. — Anthracite. 




Proximate Analysis. 


ritiinatc Analysis. 


i 

[ .Name of (-tdliery. 

District. 

£ 

.2 





•3 . I 
e S h 


1 

< • 

! 


3 

O 

o " 

■s 


o 

-f 

a 

if: 1 
I-: ° 

< 

i 


Per 

Per 

Per 

Per 

Per 

Per 

Per ! Per 

Per 

1 


Cent. 

('em. 

Cent. 

Cent. 

Ont. 

Cent. 

Cunt! Cent 

Cent 

' Stan 11 yd Vein, ) 
j Blaiiia f 

C'annarthon 

• 

5-00 

M.5 

0376 

92 58 

3*61 

1*96 1 0*76 

i 

1*15 

§1 

] PontyWom, ) 
j “Big Vein" J 

Ponn- ] 

0-82 

4-06 

I 

0-84 

I 

04*28 


... 

! 

i 


1 

sylratiiH, ^ 
U.S.A. j 

371 

1 31)6 

(}*3() 

8974 



' '585 


! 

, Zululrtnd ) 

HlabitKi, f 

2-00 

5-60 

875 j 

8375 



i 

... ^ . 

> 

Colliery i j 

Zuiulnnd ^ 

2-00 

6-37 

J 

1016 j 

81*47 

1 


... *39 

• 


* The seam from which this coal is got is 46 ft. 10 in. ^bick, of which 
36 ft. 11 in. is coal, and 0 ft. 11 in. bands of stone. 



CHAPTER II 


J)KTEnMINATION OF THE VALUE OF FUELS 

Determination of the Value of Coal. —The 
(Icternii nation of the ultimate analysis of coal is an 
important and somewhat lengthy process, necessitating 
great accuracy and a considerable knowledge of prac- 
tical chemistry. The proximate analysis of fuels and 
the determination of their heat value can, however, be 
undertaken without any very difficult or advance^ train- 
ing in chemical practice, and provides the experimenter 
with much very necessary information, enabling him to 
determine with considerable accuracy the nature and 
value of tlie coal. 

Proximate Analysis of Coal. — The sample, after 
being well mixed and quartered down, is ground in a 
porcelain mortar. The moisture, volatile hydrocarbons, 
and ask are determined, and the fixed carbon taken by 
ditference. 

^foistt^rc , — 10 grammes of the finely ground coal in 
u fiat porcelain basin are heated in a water-bath until 
the weight is constant. 

Loss in weight x 1 0 = per<*cntage of moisture.* 

Volatile Hydrocurbons, — 5 grammes of^ coal are 
placed in a special •platinum crucible (see ^ig. 12), the 
space above the inner ^ lid being filled with charcoal in 
small pieces and an upper lid ^ut on. The crucible is 
then heated gently over a Bunsen burner flame, and 
afterwartJs over a blow-pipe (Fletcher's Bunsen, blow- 
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pipe is tbe one generally used), un\il the flame from the 
crucible quite ceases. The crucible is then cooled, the 
upper lid with the charcoal removed, 
and the crucible and contents weighed. 

Loss in weight x 20 = percentage 
of volatile matter, and deducting from 
this the percentage of moisture, the 
percentage of volatile hydrocnrbon.s is 
obtained. 

Ash , — The coke from the alcove ex- 
{wriment is then ground very fine in a j)orcelain mortar, 
and 1 gramme placed in a porcelain cruciffie (Ij inches 
diameter) and heated over a Buiisen burner or in a 
muffle furnace until all the carbon is burned off ; tlic 
crucible and contents are weighed, and the percentage 
of ash in tlie coal calculated therefrom. 

Example : — 

Per 
( Viit. 

«2'00 

32*42 
07 *5^ 

KX)O0 •• • 

V'olittile hydriK ailoiiH .... 32*12 -2*00 «3S*42 

A«b, 1 graiiuiif ; . 10*794-10*074^*120 • 

•I20x 100= I2}»eri:eijt 
anl) in coke. • 

PW : S7 58 : : 12 : 8*11 i»er cent, a»li in coji! . • 8il 

Fixetl carlion by difference 60*47 

10»OQ 

Sulphu ^. — As tbe sulphur exists* in the fuel jiartly in 
organic combination, and in part^as iron pyrites, and in 
some ea!^s (especially where the coal has been subjected 
to the action of moisture) as sulphate, the percentage 
should be stated as a separate and additional itdn. 

VOL. L c 


• Moiatui-f, granmu'M, 30*70 - ;io*50 *20 

•20x10 

Yolalile inatler, r» gramme.'*, 43*1 58 -41 *537- 1*021 

1*021 x20- 

(’ok** 



Ku{. 12. 



\ ^mm of coal and V5 gramm# of slaked lime 
wei.^lied into, a platinum or porcelam crueible, 
t}ioro«/,d)]j mixed, and moistened sJightlj with diV 
tilled water, then heated in a muffle furnace, or over a 
Suiisen flame, at a red heat until the carbon is entirely 
burned off, the contents emptied* into a beaker con- 
taining hot* water, and excess of hydrochloric acid (say, 

5 cubic centimetres) added, boiled, settled, and filtered. 
The filtrate is boiled again, and then an excess of barium 
chloride solution added, the precipitate allowed to settle 
in a warm place, the filtrate decanted through a filter, 
and the precipitate on the filter washed with hot water 
until the washings give no precipitate on the addition 
of a drop of dilute sulphuric acid, even after standing 
five minutes. The precipitate and filter paper a|;e then 
drie<l in the water-bath, and ignited when dry in a 
porcelain or platinum crucible, and the precipitate' 
weighed. * 

Weight of precipitate x 13734 = percentage of sulphur# 
in tiie coal. 

Imi , — Occasionally it is necessary, though not often, 
to determine this in view of the nature of the ash. The ^ 
ash^ fr«n 2 gnus, of coke produced in the determination 
of* the volatile matter is boiled in water with slight excess 
of hydrocliloric acid, filtered, and the filtrate nearly 

‘ The itt Itarium sulphate (BaSO,). The reason for the various 

Staines in the process of the snlpltur determination are Obviovs from the reactions, 
which arc us follows 

2CHOII3O-1-S4 H$0~CaS04, with slaked lime and watli’, 

CaSO, 4 2 HC 1 ~ CaCl* + H^S04, 

11,804 1 BaC^=BaS 04 + 2 HCl 

* It will be necestwvry not- to ignite the ash too strouglv or t^e dissolution of 
ilm peroxide of iron wilt become very difticult. Yury little watec should be 
used with the hydrochloric ucid,*’say not more tlian an equal volumei and it wilt 
soiuetiiiice be necesstury to allow the acid solhtiou an hour or two to get aU the 
iron dissolved, keeping it warm all the time ou a stmd or water bath. When 
the aolatioq< is oomi^cte, more hot water may be added and fUtralton lie pro* 
needed with. 
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with caustic soda solution. About 10 c*Ct 
: of potassium iodide solution (of a strength of W grms* 
per litre) is added, the contents transferral to a stop- 
pered flask, which is then clovsed, and heated to between 
120-140* R ill the water-liath for about twenty minutes; 
and after the addition of a little starch liquor, titrated 
with standard liyposulpliate of smla solution (fleeinornial)* 
The percentage of iron is then calculated, t hus— 

Cultie «'entlnu*tri‘.s of wilutiou x ■(Kl.'i x 50 x *^’**^‘ ^ 

“= jHjr «‘en<. of iron in coal ; or — • 

Cubic centimelivs solution rc«juiiv<l x t^^iNxiKT cent, of coke in 
cent, of iron in coal. 

The cost of a complete outfit of apparatus, reagents, Ac., 
for carrying out promixate analyses as described alwvo, is 
aliout .£20. 

Determination of Specific Gravity of Coal.— 

For this purpose the h^^drostatic balance is most com- 
monly used, and it should, for very accurate determina- 
•tion, be capable of weighing up to one-hundredth of a 
grain. The arrangement is shown in Fig. 13. A is a 



counterppjse which balances the pan B. The weight of 
the piecd of fine thread (J which holds the substance E, 
the specific gravity of which is to lie found, is counter- 
balance by placing a piece of equal length in tlif pan B. 


36 MODEm PRACTICE ^ MINING 

D is a beaker coritaipilig water at a temperature of 60^ P. 
Then — 

If ihe weight of the substance in airs= W 
and „ „ in water =W' 

V ~W'- weight of water displaced, and the specific gravity 

Thus the ^)ecific gravity of Newcastle coal is usually 
taken as 1*27, that is to say, it is 1*27 times heavier 
than water. The specific gravity of several varieties of 
coal are given, together with analyses, in Table XIII. 

• Calculating Tonnage by Means of the Specific 
Gravity.— Supposing it is desired to estimate with much 
accuracy the quantity of coal contained in a given area, 
proceed thus— 

Area of tiMcl., UKKI acres. Sertioii (»!' wain, 3 ft. ({ in, ^ 

Then 1 acre 'llhWIO .s«{nare feet and 43,500 x 3*5= cubic leet, and 

1 52,400 X 1*27 x()2’35 - 1 2,OH2,4(jH’87. 

l2,OH2,l«H-87 ^ - 

2240 ' ~'‘440‘31 bins per acre. 

534U*31 X l(>(H)^8,55S,Hm5 tons. 

In estimating coal resources it is usual to allow 1510 
tons per mu’c per foot set'tion of seam, but from this has 
to be deducted the loss occasioned by faults, nip- outs, 
an<l in IJ’orking. 

Determination of “ Calorific Power ” and “ Cal- 
orific Intensity” of Fuels.— Units and Terms. 

There are several units in use to express the heat value 
of fuels: (d) The British thermal unit (6.T.U.), or the 
amount of heat required to raise 1 lb. of water V F^, 
i.c. from to Gl® F., which is the unit most com- 
monly used in the United Kingdom ; (h) tlie unit used 
in scientific work, or the heat required to raise gramme 
of water through U U, ie. frofn 0’ C. to T U. ; (c) or, 
somotimija, 1 kilogramme of water through 1® C., termed 
the Calorie, which is used in Continental practice ; and (d) 




Incladcf! in a«h. 
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tlie Centigrade unit j(f3.6.), or 1 lb. of water raised 1’ C. 

These units can be4;ran8forrncd thus — 

• 

(1) To of>rivert a qu/intity of heat in C.G.s. into the corre- 

^ spondinj; value in B.T.ILh. x 1*8 

(2) To convert B-T.lT.s. into C.(3.8. x 0*IV 

(3) To convert a quantity of heat given in kilos into 

B.T.tU . . ‘ x3'968 

(4) To convert B.T.U. 8. into Calories xO'252 

By calorific power is meant the absolute thermal 
effect produced in burning, which is measured by the 
Amount of water (pounds, grammes, or kilos) which can 
be raised through (Fahrenheit or Centigrade, as the 
case may be) by the combustion of I lb., gramme, or kilo 
of the substance, or, in other words, the number of units 
of heat produced in burning the substance in oxygen or 
air. ^ 

The calorijic intemity' is the pyromctrical heating 
effect manift^st by the products oS combustion. 

Determination of Calorific Power of Coal.—, 
1. From Analym, — ^'Fhe elements in coal that genemto 
heat when burned are carbon and hydrogen. 

When •carbon is burned to form carbon di-oxide 
(00,), there is a heat expenditure equivalent to 123,048 
B.STU s. ; as, however, twelve parts of carbon are neces- 
sary in the reaction — the combining weight of carbon 
being 12— the calorific power of carbon* (to CO,) = 
145.448 aT.U.8. 

When hydrogen is burnt to form water, the thermal 
value of the reaction 2H + 0=:H,0 is 12,304 B.T.U.8. * 
but as this is due the combustion of two* parts by 
weight of hydrogen, the caloriOc power will b^6 1^524. 

Taking C, H, 0, 8 to represent the percentage of 

* When oarbon it burnt to form onrboo monoxido, tbutbemn} vuKto ig 
Atftivonti bu)i m tbit wonld roprawnt a gUto of incoinploto eombnttlon, tbo 
Mbjnot noo4 not be loitber diaooieod hero. 
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carboa, hy<lrogen, oxygen, and sulfihur contained in the 
coal, and CP to stand for calorific j)ow,pr— 


Then 


„P (0 xJ4644)+(H X 61524) . „ „ „ 
lOO I3.T.U.8. 


or, since the CP of H is 4-265 timijs tliat of C, 

Cp^(C + 4-2651l)l4544 
lOO 


Oxygen renders useless one-eiglith of its own weight 
(combining with tlie H to form water. - 8 of 0 to I of II}, 
so the hydrogen which is available for combustion wifi 
Ik! 11-^0. Hence the formula can be stated thus - 

Cl>=(‘'x - JO)fiir>24 

100 ’ 

or thus— 


01 ' « 


Ur,u(c + 4-265^H-^^’^^ 


KM) 


Boi example, taking coal of the following analysis : — 


Oarlxm 

Ter CViit. 

J7-58 

615 

Hydio^eii . 






Oxygen . 

Sulpliur 

• ' • • • . , . i-oo 

Ash . ^ 



• 

r00'(Xl 


^ Sulphur. 

14r>44|7T*58 + 4*2(>5^615~^^‘’*^ j + l*iW x WC* I4,4ri8 
100 

» 14,458 B.T.UJ. 

Emparative /Weyi—Tbis is sometimes cialculated 
thus : As the latent heat of vaporisation is 1)67, i,e. 967 
anitSi of heat are required to convert 1 lb. ofr water at 
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212® F. into vapour^ of a temperature of 212*^ F. The 
evwporative power pf carbon 


_14M4 


14 - 9 ; 


that is, 14*9 lbs, of water would be evaporated by the 
combustion pf 1 lb. of carbon. 

In the case of hydrogen, each pound of hydrogen 
forms 9 lbs. of water, which, of course, must be evapor- 
ated, and as the products of combustion (by the nature 
of the conditions) will remain in the gaseous condition, 
the latent heat of steam must be taken into account, and 

EP of 1iydrogen«!2i^-0=r>4. 

However, the evaporative power of coals is usually 
determined directly from experiment. 

2. By ExpennwMl, — ^I’he heat-giving value of coals is 
usually determined by means of a 'Thompson's calorimeter, 
but the use of a Rosenhain apparatus is advisable as *' 
being more accurate. The modes of experimenting are 
as follows : — 

1. Witli Tlimnpson^s Calorimeter. — Thompson's pro- 
cess tconwsts in burning the sample of drie<l coal, usually 
30 grains, with a mixture (300 grains) composed of three 
parts of chlorate of potasli and one part of nitre. This 
oxygen-providing compound and the coal are thoroughly 
commingled, and placed in a copper cylitlder (a) (Fig. 
14), into which is also inserted a small fuse of 'cotton 
8oaW<l in nitre. This combustion cylinder or furnace is 
held in the socket (b) and is covered by ^jie copper 
hood (c), which is perforated at the bottom, and fitted at 
the upper end with a tube and® stopcock ; when passed 
over the furnace, the hood is pressed and held rigidly in 
position by the three springs (c/). A lieaker (c) is ^filled 
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with water up ta a mark on the *g^lass, which registers 
29*910 grains, and the temperature gf the same taken. 
The fuse is ignited, the furnace covered by the hood, 
the stopcock closed, and furnace and hood lowered into 
the water. As soon as the combustion ceases the stop* 
cock is opened, the water agitated by working the instru- 
ment up and down twice or thrice, and the temperature 
again taken. The difference of the two temperatures, plus 
10 per cent, allowance for heat lost in warming the instru- 
ment and by radbition, represents the evaporative power 
in pounds of water evaporated per pound of coal burnt. 
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Fio. H.— TIioiiipKoir« CaloriiJieUjr. 


It will be perceived that this is not a very«AC('urate 
mode of determination. There is frequently difficulty in 
obtaining complete combustion of the fuel, and the 10 
per cent, allowance for heat losses is somewhat of a con- 
vention. It is’for this reason that the Kosenhain apparatus 
' is to be preferred. 

2. Ro^enhairHs Ccdorinieter . — Details of this appar- 
atus are illustrated in Fig. 15. Prafttictilly complete com- 
bustion »i8 secured, less than | per cent of the substance 
escaping combustion, and as the sample burns under 
observation its behaviour as regards caking and clinker- 
ing n^ay be studied. There are two types of ^paratus ; 
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(A) type, with'ball-yalve and brass vessel, wWish,^ 
thermometer and ^accessories, costs £10, 3s., and the 
simple type (B), witJi glass vessel, which costs, complete, 
£7, 138. 

'The author is indebted to the Scientific Instrument 
Company, Ltd., of Cambridge, for the following account 
of the mcthftd of using this apparatus : 

PreiMvation of the Sampfe.— Thoroughly clean the 


FI 



Fjg. 15.— Kosenliain'R Calorimetor. 

moulding press, insert the brass plate, And raise the 
screw. Fill the mould with powdered coal and insert the 
plunger, screwing it down as tightly as possib^. Raise 
the screw and renioVe the mould. Slightlj push the 
.jbriquette with the plunger and it will leave the mould. 

‘ Introduction of Sample into the Calonmeter.-- tJnscrew 
I the three nuts locking the top plate. Turn the ^ate in 
, ^rder to ftee it from the supporting wii'ea. Remove the 
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plate and the lamp chimney. Plac^ the sample of coal 
on the porcelain lid and put this on the base of the com- 
bustion chamber. Replace the chimney and top plate. 
(Care must be taken not to tighten locking screws too 
much.) 

Before starting an experiment with instrument A it is 
well to see that the valve in the base is free! Place the 
platinum wire of the electric ignition against the coal 
sample. Insert the combustion chamber into tlie calori- 
meter. Connect the oxygen cylinder to the inlet tube 
of the combustion chamber by means of a rubber tube. 
Turn on a small stream of oxygen. 

Fill the calorimeter vessel with al) 0 ut 2500 c.c. of 
water. (This water should be warmed nearly to the tem- 
perature of the room before using.) Place the open-scale 
thermometer in the spring fitting attached to the com- 
bustion chamber. 

The Combustion. — '/he temperature of the open-scale 
• thermometer is now read ; if the temperature of the water 
has been properly adjusted to begin with, and the tem- 
perature of tlie room is fairly constant, this thermometer 
should remain almost stationary. The time and this 
temperature having been carefully noted, the electrical 
connection is made and kept on for a definite number of 
seconds — 10 to 15 will be enough to ignite the siimple. 
The current of oxygen is kept slow at first, birt as the ash 
accumulates alid tends to retard the combustion towards 
the end, the stream of oxygen is gradually increased as 
the experiment proceeds ; very violent combustion is to 
be avoidec^ as smoke is liable to be Termed ; it is also apt 
to injure the platinum igniting-wire, and the latter is 
therefox^ i>est raised out of contact with the sample as 
soon as the combustion is well started. The duration of 

combustion varies from 7 to 15 minutes, aedbrding to 
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the quantity and qqaUy of the' coal burnt. When all 
the coralmstion has ceased, the oxygen supply is out off, 
the valve raised, and the tap in the upper outlet tube 
opened ; the water then flows into the combustion chamber 
and is allowed to fill it entirely ; as soon as this is accom- 
plished, the valve is lowered and the oxygen again turned 
on. The witter is thereby forced rapidly out through the 
valve at the base of the combustion chamber, and the 
bubbles of gas following it cause it to mingle with the 
^est of the water in the calorimeter. The thermometer is 
now (Mirefully read at short intervals until its maximum 
reading is attained, which is generally the case a few 
seconds after the water has been expelled from the com- 
bustion chamber. This reading and the time are noted 
and the entire instrument is allowed to cool, with a» slight 
current of oxygen still passing, for a period of time equal 
to half of that which has elapsed between the commence- 
ment of the combustion and the maximum reading of the 
thermometer; the fall of temperature during this time is* 
added, as a radiation- correction, to the apparent rise of 
temperature observed between the initial and maximum 
readings of^ the thermometer. 

Calmlation . — If w be the weight of coal used, W the 
water equivalenj; of the calorimeter and contents, and t 
the rise of temperature corrected for radiation, the calorific 
value of th(f coal is given by 


Example : — 

Water equivalent * =*3*270 grammes. 

Weight of cMial ujrhI « 1*425 „ 

A][>pareut rise of temperature *=3*S4*^ C. 
Badiation correeUon =*0*08® Of 


Calorific value 


3270 x 3*42 
1*425 

*•7850 O.G.S. calories per gramme^ fuel 
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If tbe data are given in pounas weight and decrees 
Fahrenheit the same calculation ’gives the result in 
B»T.U.s per pound of fuel. 

Determination of the Calorific Intensity.-It is 

not sufficient to know the actual heating power of a coal, 
the temperature which could be obtained in burning it 
under perfect conditions should also be known, that is if 
burned in exactly the right amount of oxygen under such 
conditions as to render the combustion perfect and allow 
of no loss of heat. 

The temperature depends on the amount of heat 
liberated, and on the nature and weiglit of the products 
of. combustion. The products of combu.stion can be 
readily reduced to a water cijuivalent— that is to .say, the 
weiglit of water which would reijuire the same amount of 
heat to raise it 1°. Where W= weight of the proilucts of 
combustion and S = its specific heat — 

Tlic water e<|ui valent ~WS ; 
and if T = temperature. 

Then T:- ^ where C'l* reprceeiiis the nihirili,. jH^.wei. 

Ihus 12 parts by weight of carbon jiroduce iik.buwiiug 
12 + (2 X 1C) parts by weight of carbon di-oxide ((Xb) =*44; 
or 1 lb. of carbon produces 3 G7 lbs. of carbon di-oxitie if 
burned in 2-C7 lbs. of oxygen. The tempemture of the 
resultant CO/, supposing it had the same capneily far 
heat af water, would be— the s{)ccilic heat of water lieing 
unity— • ” 


But the specilie heat of water aud carlxm di-oxide are as 
I : 0-2163. 

Hence the temperature of carijon di-oxidd^produced 
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is as 0*2163 :’l ::|560 : 18,297*^ F., aB<i p,2W^^^ 

= 18,329® F. Again, two parts by weight of hydtogen 
pro<iuce 2 + 16 = 18 parts by weight of water, lierefore 
1 lb. of hydrogen yields 9 lbs. of steam. 

^61,524 B.T.U.s have to be distributed over 9 lbs. of 
steam, produced by the combustion, the specific heat of 
the steam being 0*4805. But the 9 lbs. of water have to 
be converted into steam, which process absorbs 966 x 9 
units of heat ; and between 32° F. and 212^ F,, or during 
a rise of 180° F., the specific heat of the water is not 
0*4805 but unity, hence — 

«lfi=683C; 

Hud 6830 - 966 4- (1 - *4805)180 = 5777. 

Then 0*4805 : 1 : : 5777 : 12,021, 

and 12,021 +32^ 12,05.3” F., or thcri»eof teiujwatme due to the products 
of coinbuslion. 


Or the calculation may be concisely stated thus — 

61,524- {9C6+(l -•4805)180}9_-9 ... 

Ux 0*4805 -12,021. 

The following formula may, therefore, be applied to 
coals containing the ordinary constituents : — 

.Takitfg W = quantity of moisture in 1 lb of coal, 

p. C X 14,544 +tll - iO)61,r»24 - {966 + (1 - 0*4805)1 80 x (9H + W)[ 
{3*660 X 0*2163 4 (9H-W)x 0*4805)1^ 

• 

and to the result must be added the temperature at which 
combustion takes place. 

The pyrometric heating power, burning th^ coal in 
air iiistead of oxygeif, can be determined by^adding to 
the denominator of the above formula {2*66 C - 8(H- JO)} 
X J§ X *244 (or if there be excess of air (E) there must 
be further added E x 0*2377). This formula being derived 
u follow?: i lb. of hydrogen requires 8 lbs. of oxygen 



for isomiplete 'aanbustion, there bejpg 23 per cent, of 
oxygen in Mr — 

23 : 8 :: 100 : 34 - 78 . 

That is, 1 lb. of hydrogen requires 3478 lbs. of air for its 
complete combustion. In this amount of air 2678 fljs 
are nitrogen, for 100 : 3478 : : 77 ; 26 78, and tliespeciBc 
heat of nitrogen is 0 244, hence the Cl of hydrogen must 
be divided by 2678x0744. And 1 )b. of carlion 
requires 2-67 lbs. of oxygen for comjilote combustion, 
which is contained in 11 -61 lb.s. of air, of which 8 0 lb 
are nitrogen, so that the Cl of carlmn must Ik- divided bv 
8-9 X 0-224. ^ 



CHAPTER III 


(iHOLOGY APPLIED TO COAL-MINING 

Geological Succession. — Reference has already 
been made on page 6 to the different horizons in the 
geological scale in which coal occurs. The relative posi- 
tions will be better comprehended by reference to a 
condensed statement of the progressive series. The order 
which is now almost universally adopted by British 
geologists is that stated in accompanying table. 

Classification of Rocks. — Rocks can be divided 
under two heads — sedimentary deposits, and those of 
volcanic origin. The materials constituting the sedi- 
mentary rocks have been laid down in regular beds or 
strata as a sediment, usually transported and deposited^ 
through the agency of water. On the other hand, volcanic 
or trap rwks are intrusive, having been thrust through 
existing strata in the form of dykes (see Fig. 36), and 
scgidetittfcs overflowing and covering the surface, or pass- 
ing along the pjanes of bedding (see Fig. 37). The term 
volcanic rock is also capable of another meaning. A 
deposit may owe its origin to volcanic action, though in 
a sense it is a sedimentary deposit; thus the material 
foj^ming many ash beds, though emitted from volcanoes, 
has been laid down b^ water. Geologists speak of such a 
formation as volcanic, though it is not an intr^^iv&or trap 
rock. There is also a class of deposit which* though 
sedimentary in the strict interpretation of the term, is of 
a very different character to what we usually understand 

a sedimentary rock, viz. glacial deposits, or* those 
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/formatipnft which are due to the aq|tion of ice on pre- 
exiating rocke. There are various kinds of glacial dejjosits, 
such as (terminal and lateral), erratics (or trans- 

ported stones), Inuikkr elmjs, and others, that of most 
common (Kjcurrcnce ))cing IsMilder clay, a glacial day 
containing ice-worn twulders, and frequently alluded to 
as ijliicial dvij). In sonic instances the glacial lieds are 
spoken of as rc-arrangcd de|K)sits, having lieiui icdistri- 



Fi«. 16,-- Oulcrt*!* uf a Coal-wum. Quarrying Coal in New Zeffand, • 
(From a pimtograph hy Mr. H. F. Bulman.) • 

buted under water. The late Professor Green ’ has given 
a valuable classification of derivative rocks (which are either 
mechanically, chemically, or organically formed), omitting 
those of glacial origin, which is reproduced on p. 50 . 

Explanation of Terms connected with Strati- 
fication. — ^ bed or stratum may* dip regularly in a 
positive direction, or it may be bent into a Hyncline or 
arUidine (see Figs. 18 , 10 ). Inversion may be produced 
by an anticlinical contortion, as shown in Fig. 18 . 

♦ * PkjfiKol Otoloify, by A. H. Green, M.A., F.G.8., p. 181. 
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’1'ABl.E XV. 

f/fwntl OltmijuxUion of Deriiraiive Rockt. 

‘ ' LHtorah Mechanicjal. 

Sandy and ci^rae. 

Viuiable in horizontal range and irregularly bedded. 

coarse sandstones. 

lhal<mu-. Mechanical, or m«ed mechanical and organic. 
Clayey and fine. 

Constant for large horizontal distances and irrecu- 
larly bedded. ‘ ^ 

Rramph: Fine sandstones, shales, and impure 
limestones. 

Oceanic. Organic. 

(^^alcareous. 

Often of great horizontal extent. 

JCirampIe : Pure limestone. 

Altered organic deposits. 

Ejrample : Atlantic red mud. 

Mechanical. 

^ndy and clayey rocL, and impure limestones. 
IiTegular bedding with frequent changes in minerak 
composition. 

Alternations of marine, brackish, and fi-esbwater 
^ beds, marine fossils often dwni-fetl. 

/>-•»/» ll«/c-. Mainly sandy and clayey beds, and impure lime- 
i stones of mechanical origin. 

Organic or semi-'organic occasionally. 

♦Some chemical precipitates of carlmnate of lime and 
silica. 

Rnfl IfTi/er. Chemical precipitates, such as rock salt, gypsum, 
and dolomite, conspicuous ; occurring in lenticular 
maraes among sandy and clayey meclianical de- 
posits. 

.Fossils rare, sometimes stunted and defijrmed marine 
forma 

AMiattifo/. From atmospheric weathering. BaJnw^h, screes 
oldaoU. From wind (afkilian), blowmsand. ’ 

0/yamr, Mainly of vegetaUe origin as ooaL 
Mainly deposita of guana 
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^atever the direction of the diif niAir ho if » i 

«oine shales fo^nstancc'Thlf ^ 

«> be tr,rgular, or. .« when the s^.li.nent is* .lepLiti 
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motion Of a Mcido! nhowins 8 

Jaoltinj? (a), ami ITnoonforinhy 0). 
under varying c-urrents, fake heM, and where it tlnn« 

*Tr’' '““‘r '''■' * ■' » ^'r 

others h “ inclination ; but where beds lie on 
^ t^urred between the deposition of two groups so 
«nd 19), 99 uncoufortliihl ia aai>1 *a ,1 
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groups being uncouformable in their relation to each other. 
Thus, for instance, there is an unconformity between the 



Kia. 18.-— Contorted Strata showing Inversion. 


Silurian rocks and the coal measures in South Stafford- 

I 

shire, the latter resting directly on tlie former. 

Ah will be readily understood, the thickening and 
thinning of strata is of the greatest importance in mining 
generally, but of especial importance in coal-mining. Tw(^ 
seams of coal when widely separated vertically may be 
easily worked, but by a thinning out of the intervening 
strata may, in another district, be rendered both difficult 



— Unconformity (a), aooompanied by Change of Dip. 


and costly to mine, unless an entire thinning out of the 
dividing beds takes place, and the two or more seams 
unite to form one^ thick scam, as in the case of the 
South Staffordshire and part of the Warwickshire eoal- 
field, — ^in which, however, the different hoi;fzon8 are 
marked in the coal by parthtgs sometimes of shale or 
dirt, bujt frequently being merely divisional planes with 
Uttle or no intercalated material. 
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Clearage and Jointing.-Maivy rwks can be cleaved 
along their planes of Iwdiling. but some are camble. ns 
in the ease of slate rock, of lieing split up into sheets 
at (juitc anotlier angle, this structure Wing termed 
cleavage or slaty civaraye (see Figs. 20, 21). Clcnvage 
has lu'cn prisluced by pre.ssure, ami tlie planes of cleavage 
are at right angles to the line of application t.f the pres- 
«ure that pnxlucod them. 

•loitOs are the natural fissures whi.h traverse most 
rocks of a •“ freestone ” character in all directions perpen- 
di.ular to the planes of W, filing; they constitute li,m 



Kkj. 20.~ Stralificttlum, JtiinUni;, ami I'lcavaK**. 

A R r. Viices of jdints A' h iM-ing jiarall..! j„i„La. 
1» 1) I) I). Lnw8 (if hfriitilioaliou. 


K E. Lint'S «if 
K F. Kurt'S of crows joints or • 


pillaring.” 


oj imihiess, and allow of such rocks being the nuire 
easily .jiiarried. guarrymeii term th*cni ivai,r-m,is. 
Jointing IS peculiarly characteristic of limestones and 
^indstoncs. -Joints or breaks may have an iniiiortant 
bearing on the niethoil of working (^oal-searas, when 
occurring either in the roof, floor, or in the seam itself. 

Vertical Cleavage or “gieStt" of Coal.— Many 
coals are cut across by two sets of parallel planes of 
cleavage perpendicular to the planes of bedding, and more 
or IcM perpendicular to each other. Some geologists 
regard this cleat, as it is called, as similar t> jointing, 
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and othera as more ‘of the nature of cleavagel this 
cleavage ,s absent frofh some coals. - The author h^ 
not observed it. for instance, in any of the Natal coals 
Cleat IS more marked in one direction than in the others! 

most m «“<! Durham coal-seams, the 

nortli *!l “/’“'Ss have a course usually (roughly) 

north and. south, and known as the hJway, lult. 
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- Of Clcavaoe at* 

^A^CLeoras'mn 

TN£ nO/iiZGf¥r4L, 


, * Kio.ll.-Diauran, ilhwtmtinK nip. .Strike, Cleavage, 

, tross-jointing iu a Btni of Slate. ^ ‘ 


the less determined or headways clmt having (rouo'hlv) 
«n cast and west course. Usually, therefore, when 
working by the « bord and pillar” system (known also 
r the name of ‘stoop and room”), the “bords” or 
wide plac^ are driven at right angles to the bordways 
cleat, as, by so doing, the coal is more easHy got and 
larger coal produced. For the same reason, when remov- 

*»~‘^«“”)>‘beyare usually 
worked off m the same direction ; and it is sought-aubieot 
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to certain other oircumatances, to Vhich allusion will l)e 
^ miide when treating of the longwall system of working 
(see voL iii.) — to advance the longwall “on face’* or 
bordways-way, instead of “on-end” or hcjid ways- way. 
When a pierce is driven neither “ on end ” or “ on face,” 
it is termed a cro^isent. 

Geological Disturbances, (l) (see Figs. 

17, 18, 19, and 22), or contortion of the coal measures, if 
considerable, may prove a seriems obstruction in the way of 
economical coal-mining, owing to the liigh angle at which 
the scams lie, and so necessitate sinkings of great depth* 
to win them. Fortunately the coalfields of the United 
Kinglom, w^ith few exceptions, arc largely free from this 
form of disturbance. A portion of the North Stafford- 
shire §eh], however, along the northern and in the central 
parts, lifis iKien subjected to folding, the strata iiaving been 
bent into a double fold along synclinal and anticlinal 
axes, and the scams in places being so very highly 
t inclined as to neces-sitate a special method of working 
(rearer working). The fields of Midlothian and Had- 
dington also consist of a double trough, and in the 
Somersetshire fichl the coal measures are tilted up, and 
along the southern boundary even inverted; ai^ inj>art 
of tlic anthra<*ite region of the South Wales coalfield 
the seams have been subjected to considerable folding. 
But one of the most notable examples of <*on4;orted coal- 
seams is witnessed in the Franco- Belgian coalfield, where 
pit shafts sunk to work a given area frct|m*ntly pass 
through the same seam several times (see cross section 
of the coalfield in the neighbourhood of Namur, Fig. 22). 
The strata* have been subjecteil at the close of the coal 
period t*o great side pressure, and the seams crumpled 
up and broken by faults, the upper portion of the field 
having been denuded. It will be observed tbatmt Namur 
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the Devonian strata^ tave been bent over the coal mea- 
sures ; and at Lidge so great has been the inversion that"^ 
shafts liave had to be sunk through the Devonian rocks 
in order to reach the coal below. The original width of 
the field has been much reduced by this compression, so 
much so that Professor Prestwich has estimated that the 
coal measures of the Lidge field may have occupied, before 
compression, a width almost twice as great as that which 
they now possess. The deepest coal-mines in the world 
are situated in Belgium. 

Besides cnhanciing the cost of mining and working 
the coal-seams, folding, in several instances, has brought 
about another notable effect, namely, the alteration of a 
highly bituminous coal into a “ dry ” coal, and into anthra- 
cite, of which metamorphic action a striking example is 
presented in the South Wales field (see page 10). 

When cleavage is present in folded rocks the planes 
of cleavage and the axes of the folds are parallel, the 
pressure that produced the one being accountable for the* 
other. 

(2) Faxdtimj} — Faults, in the geological sense, or 
breaks in the continuity of the strata, constitute one of 
the, moat important features in strui'tural geology, and 
grWly influence mining operations. 

A simple fault is shown in Fig. 23, where the seam (a) 
has slipped down into the position a', the line of slip 
being known as the hade, or in metal mining the under- 
lie, and being measured by the angle made with the 
horizontal ami the amount recorded in degrees, the 
vertical displacement' or throw of the fault is measured 

* The term fault ia \ety loosely applied in miniDg; thus anything which 
interrupts or deteriorates the coal is often called a fault, whether it be due 
to intrusion of trap rock, swellies, rolls, bip or wash outs» or real faults. ' A 
daolt is aometimes termed a dyke also, ty. the '‘Ninety-fathom’^ dyke of the 
Kortbumbrian ooalflcld. Other names used in mining for a genuine fault are 
itap, hitch, wuble, slip, or thing. 




ria. SJ—Section the %aaco-Belstian CoalBeld. .bowing Anticline with Inverrion, Syncline, and Knolt. 
1. Deronian ; 2. Carboniferoas limeetone ; 3. Coal mearare. ; 4. Cr|iaceau. rocka 
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in feet The hade^s often marked with scratchm^ ^ 
sliekensides, and the opposing surfaces are highly polished, 
due to the attrition of the rock faces, especially if they 
are hard or crystalline ; the fissure of the dislocation, or 
leader, is filled in with decomposed rock or clay, known 
as leader atone, and sometimes contains masses of spar, 
galena, or Wende.i In metalliferous regions the vein-stuff^ 
in a fault is very often composed of siliceous or calcareous 
spares and ore. The hade may be very flat, in which case 
^the area of barren ground along the course of the fault, 
in a given tract of coal, will be greater than if it were 



llQ. 23.-~Ordirmry Fault. Yui. 24.— llevorsi-d Fault. 


Steep. Though, usually in inclined faults, the hade is in 
thcidiratttion of the down-throw side, cases do occur, more 
especially where the strata have been contorted, where 
the reverse is true, such faults being termed over^thrust, 
over-lap, or reversed faults (see Fig. 24). In such in’ 
stances there is no accompaniment of barren ground. 
Where faults occur, as shown in Fig. 25, they are spoken 
of as trough faults. 

‘ It 1» possible that in some of the ooal bearing areas of the United Kingdom 
these faults may oooasionally prox e to be the upper portions of ore-bearing veina 
It would be interesting, for instance, and possibly of value, to know deanltely 
wbetlieT or not some faults, lower down, develop into mineml lodes in tbe coal- 
ae^ of Northum^land, Shropshire, and Flintshire, in tbe neighboorbood of 
whiob, in the Carboniferous limestone formation, mines of galeM. blende, and 
|Mry ta hav«f been or axe being worked. * ^ ™ 
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If, when working a stratum (coaj, ironstone, fireday, 
&c.) which is flat, or of moderate inclination, a fault is 
met with, the lost portion of the bed must be sought for 
in the direction of the greater angle, unless the fault is 
an over-thrust, when the reverse holds good ; that is *to 
say, the same point in the seam will be immediately 
above or below, unless there has been a heave *ov slipping 
to the right or to the left, and the lost part is picked up 
by sinking or drifting downwards or upwards. When 
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Via. ar*. -Trough Faults in the KoutU SUiironlshire Coalfielg^ 



the bod is Iiighly incliued faults have be eoiisiilered 
as affecting the coal in the same way as tlieyjJo mineral 
■veins,' when, jn order to pick up the lost seam, the 
miner will have to cross-cut to tlie right or left. This 
will be more clearly understood by the student if he will 
take two pieces of paper of the same shape and size, and 
draw on ^each a diagonal line frota corner to corner, say 
left to right, these lines representing the highly inclined 
bed as seen in cross-section. Placing the pieces of paper 

* In the South Wnlet field conl-feami are known u veins Soak 
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against the windo% so that the two lines can be seen, 
the one covering the other, move that nearest the vision 
a little way clown ; the position of the two lines will be 
as represented in Fig. 26, so that if a be the point in 
the bed in which the miner was working, in the dislocated 
part it will be at a', and in order to recover the lost 
scam he Will have to cross-cut or drift to h. If, however, 
as the paper is moved down it is so slipped to the right 
that the two lines are continuous, there will be no heave. 
Again, the heave may be such that it is necessary to drive 
to the right (see Fig. 28) or to the left (see Fig. 29) in 
order to pick up the lost seam. 

Fig. SOjrepresents a plan of a highly inclined bed or 



Fid. 2i5. Fid. 27. FlU. 2K. Flo. 29. 


seam faulted and heaved in the direction of the greater 
angle. There is no rule for positively determining the 
dipectio* in which the lost bed can be discovered, but 
that devised jnany years ago by Schmidt (1810) and 
Zimmerman (1828) has been found to hold good in the 
great majority of cases, and may be applied as follows : 
Having obtained the dip and .strike of both the seam and 
the fault, plot on paper the strike of both at two identical 
levels; thus, as in Fig. 31, the lines AB and CD re- 
present the strikes cjf seam and fault at the same 
horizon. And A'B' and C'D' are the strikes of both 
at another level. A line joining the points BB' will 
therefore be the line of the plane of intersection of 
4 sieam atfd fault. Erecting at B from the opposite wall 
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of the fault CD a perpendicular bX end producing the 
intersecting line to F and G, it will be seen that BE 
is on the further side of FG, hence the lost seam 
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KiG. 30. — Plan showing Faulting of a highl^’-inclineti licd. 


must be sought for in that direction ; in Fig. 32 the 
reverst; is the fact. 

Trough faults are generally due to faults crossing 



1^10 HI. • Fig. 32. 

one another ; in which case onl of them will probably 
be older than the other. Faults end in various ways, 
by splitting up into a number of small faults, as in Fig. 
33, by simply dying out as a rent, as exem|>lificd by 



m 

tearing a piece pf cardboard, Fig. 84^ or by one fa^t 
coming up directly against another, Fig. 85. 

Contortions are frequently ended by faulting ; the 
great Pennine fault in the North of England is an 
instance of this. A fault does not necessarily extend 
through the whole of the seams of a colliery. Thus at 
Towneley Colliery,^ near the river Tyne, though the large 
faults generally go right through the measures, those of 
them which are leas than 25 feet do not appear to reach 
^the seams above and below that in which they occur 
(see p. 64, ^‘rolls'' and “swellies"’). The author has 
observed the same feature in several coalfields. 



/oo* 



wo' 

PlO. 35. 


^3) JJykes or Intrusions of lyuvous Rock , — Dykes 
often prove a great hindrance and cost in coal-mining 
^here present in any great number, as, owing to the hard 
character of the intrusive rock, they are diflScult and ex- 
pensive to pierce, and frequently they have* so altered the 
coal in their immediate proximity as to render it worthless 
(Fig. 86). They vary in thickness from a few inches to some 
hundreds of feet ; sometimeB they reach the surface and 
Bometomes they do not. Intrusions of trap also take the 
Jformof overflows, in some cases covering the surface for 
Smiles with a thick capping, or occur as intrusive sheets 

^ llr. B. Slmp«on, Tran*. H.S, in$L vol. xxxviii p. 53.* 



K between the sedimentary strata (Fig. 37^ The^British 
ooaUields, with the exception of the Clyde basin, are not 
imuch troubled with igneous intrusions. But in others they 
constitute one of the most important geological features. 
The South African coalfields, for instance, have been sub- 
jected to a greater extent perhaps than any others to 
the action of dykes, lateral intrusions, and oterflows of 
dolerite, hardly a single colliery being free from interrup- 
tion of this kind. In the Clyde basin, sheets of melaphyre 
and dolerite have been intruded amongst the coal strata, 
and have been the cause of much loss and difficulty in 
mining operations. Tliere are, also, many vertical dykes 



Fiti. .■W.-*Dyko or Vertical IntruHicn of Trap Rook. 


of basalt and dolerite, the former being of Upp^r Carboni- 
ferous and, possibly, Permian age, the latter belonging to 
the Tertiary (Miocene) period. 

A very notable lateral intrusion in Ckeat Britain is 
the Great Whinsill* dyke, a sheet of basalt averaging 
from abmt 80 to 100 feet in thickness, the outcrop of 
which stretches across Northumberland from Greenhcad 
on the west to a few miles north of Berwick on the eaat, 
the sheet prdbably underlying the whole of the southern 
and e^istern portion of Northuial^rland ; and it is ex- 
posed as* a huge inlier in Upper Teesdale. A section at 
Bavington in Northumberland (Fig. 37) shows two intru- 

* Se« OutiiwB of tkt OtitUyjjf of NorthumbrHand and Durham^ by Prof<tsaor Q. A, 
labour. • ’• 
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give sheets of basalt js^iich are, in all probability, branches 
of the Great Whinsill. 

(4) W(xsh-out8, Nip-otitSf Rolls, and Swellies . — When 
a portion of the strata has been denuded, and the cavity 
filled in with alluvium or drift, it is termed a wcu$h-out, 
A wash-out of great extent is illustrated in Fig. 38. Some 
wash-outs 'or nip-outs are filled in with sandstone in 
place of gravel or sand, showing that the denuding action 
took place in Carboniferous instead of recent times (see 
Fig. 39). Such disturbances are by no means uncommon in 
our coalfields, and when working coal have sometimes been 
mistaken for faults ; but slickcnsides, leader-stone, or other 



Fjo. 37.--,Section at Groat. Bavinjrton, Northumborlanrl (after I^obour), 
1, 1. Whinstonc. 2, 2. Limestonefi. 


signs of movement are absent, and by driving straight 
ah^lad at the inclination of the seam, the coal is usually re- 
covered at about the horizon it should theoretically occupy. 
A swelley or haJk * is a bending or roll in a seam which 
may be due to a natural undulation of the bed, or may 
l>e caused by pressure of the same character as that which 
occasions faulting, and, indeed, these irregularities do 
sometimes partake of the character of faults proper. The 
eminent mining engineer, Mr. J. B. Simpson, mentions* 
a fault at Townelcy Colliery, on the banks of the Tyne, 
of 12 feet throw, which occurs in the Towneley seam, but 

1 Tb6 term ** balk *’ is used indisoriminfttely to express a “ Dip*oat '* or “ roll.” 

» rrmu;>.ir. /mt. JfJT., pp. 52>68, 65. 
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does not extend to.tTie Five-Quarter seam 90 feet lower 
down ; instead there is a swelley or bending of the latter 
nearly equal to the amount of the fault in the upper 
seam; and he recounts an interesting case at the same 
colliery, where the Towneley and Brockwell seams (180 
feet apart) were free from faults, but in the intermediate 
Five-Quarter there was a nip-out of the seam for a 
width of 135 feet, extending over a distance of 600 feet, 
the scam ))eing double its usual thickness for a breadth 





alwut equal to that of the nip-out on one side only of 
the nip-out. This thickening of seams in the vicinity 
of nip-outs has often been remarked. So-called “ nip- 
outs are due, in some cases, to pressure (not fracture 
ah with faults), and not to the denuding action of 
water. 

Measurement the Inclination of Strata.-^ 

When prospecting, the ascertainment of the true dip of 
the strata is a matter of great importance ; the observed or 
apparent (Hp of beds exposed in a section is frequently, 
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of course, not the true dtp, the lot*t<r being In a direc- 
tion at right angles to the water level course or strilv of 
the b^s. The dip is measured in degrees or, sometimes, 
in inches per yard, in per- 
centages (e.ff. 1 in loo). 
or by sUting how much it 
deepens from the horizon- 
tal, Vertical and horizontal 
measurements being given 
in the same terms (e.ff. 1 in 

‘io). I liese modes of reekoning <lij> can be converted, tbc 
one im-asurement into the other, by means of Table XVL, 
which is the work of tlie late J. lleete .lukcs. 



Tabi,e XVI.— j\V,ov,/ Hi,,, 1 )(H), am, min, J to 

lnf'li in fi 


Mi 

a Yunl. 

hi 100. 

1 

•> 

2-78 

5'5tJ 

3 

8-34 

4 

10'12 


13-90 

G 

If; 68 

7 

19-46 

8 

22-24 

9 

25-02 

10 

27-80 

11 

;3(t50 

12 

33 36 

13 

36- 14 

14 

39412 

15 

41-70 

16 

44-48 

17 # 

47-20 

18 • 

fK.Ki4 


Nfurfsi I Iiirhe.** in 
iVpn c. I a Vnril. 


U* I5» 

3 20 

<5 21 

22 
23 

10^ 24 

ir 25 

12'' 

N 2({ 

Ui 27 

2H 

29 \ 

19' ;}() 

20' 

Sr 31 ! 

23^ 32 ' 

33 i 

2r 3-5 I 

25^" 35^ 1 

2(}® 3(> j 


ill 100. 

Npart'Hi 


52-82 

' 28-‘ 

55-60 

1 29'-' 

58-38 

' • 30'’ 

(ilic 

32’ 

63-94 

! 

66-71 

Ir 

69-50 

• 

; 35'^ 

72-28 

j 36" 

75tJ(J 

. 37’ 

77-84 

38" 

80-62 

! 39" 

83-40 

j 40'' 

86-18 

j lOj" 

88-96 

41<» 

91-74 

42" 

94-52 

43** 

97-30 

44“ 

100-00 

45“ 


When the inclination is above 45° it is suiBciently 
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expressed in yards, ittus — 2 yards in a yard, 3 yards in 
a yard, and so on, 

ami 1 in 1 =45® 

„ 2 in 1 =63® ahoiit. 

„ 3 in 1 =71® aWit. 

„ 4 in 1 = 76® about. 


Let A^B (Fig. 41) represent the line of intersection 
of the horizontal plane with the inclined plane, then 
AB = strike, the course or bearing of which is determined 
by the compass. 

If the surface of a stratum is bared the strike can 
be determined by means of a clinometer, and the dip 
measured at right angles to it. If, however, the sur- 
P face is covered and the stratum 

is merely exposed in section, and 
that not along a line at right angles 
to the line of strike, as ODE, the 
'^0 being an apparent one, made, 

‘^fty> on either the face CAE or 

CBE, the observed angle will be 
less than that of the true dip. If, 
however, jt is possible to obtain the apparent dips along 
two faces, making a large angle with one another, the 
amounf and direction of the full dip can be determined 
by calculation,' thus : * — 

Let a and a' be the angles of the two apparent dips, 
viz. CAE and CBE, and D the angle of true or full 
dip CDE: the angle AEB = 2rL and AEU = c/-e, BED 
=r: (i 4- c, then — 

_ , sin (rt - a') 


'/I' 

/ \ \ 
/ 1 \c ^ 

/ 

^ 

0 

Fig. 41. 


TanD* 


sin (rt+a') 

2 cos tif CUB a coe «' cos e 


* See also Otologieal MagtKine, x. 332 ; iii. 2nd ser. 377 ; Phygietd Gtdogy, hj 
Profe«eor Green, and "Geology of the South Staffordshire Coalfields" {Jtecordg 
o/tkfi Sekod of J/ines, fol. i. part it pp. 330>835). 
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When a section has to be drawn abliquely to the true 
dip it is necessary to know what inclination to give to the 
beds. Bcete Jukes worked out a table ' (Table XVI I. p. 70), 
which will be found useful in this respect Thus, supjx)^- 
ing the true dip of the strata is in a direction N. 10 E., 
and the line of section is drawn across the county N. 00 
E., the difference in direction = 50^ If the atndlant of the 
true dip be 20° (the dip would be stated 20° N. 10° E.), the 
dip to be given to the beds in the sc<‘tion would be 13'’ 10'. 

The trigonometrical forinuhi* on which this table is^ 
founded arc worked out ns follows : — 


I^et Ali (Kig. 42) l»e the line of striko 
and A(! tlic lino of nection. 

Draw nC in tin- Killin' hori/oiitJil jdano 
a« AD and A(’. nC=adirtTtioii 
of dij» as given In com|wiHM. 

Draw C'D verticfil to meet the sutf.m* 
of thv W<1 in D. 

Then t ho Jingh* ( ’BD (y) -- 1 ho roal dip. 

Tilt'll tile angle ('AD (;)-• the appar* 

- ent dip. 

Then the angle A(-B (x) - the angle 
the set (ion makes with thediree- 
tion of the dip. 


D 



Then tan 1 /=^ 

nc 

hut CD- AD. “in rr, 
and nCi^ AO 

= ADcos3eos.r ; 

tan w “ ^*** ^ “ tan 2 sec r, 
eosr 

^ or to ladiiii r, 

r tantf = taii r»ec.e, ) . 

. , . , , - , ^ ^ gtvIiiK the true 4iii. 

hence log tan y = hin : + log sec / - 10 > 

or tan i ) (dviiw tl«* apinrent dip, or 

sec j; \ which will have to tw 

hence log tan ~ 10 ± log tan y - log sei;^ J »«ction. 

The {ollowing method of determining the direction 
and amount of the true dip from two apparent dips 

* Obliqae Section Table, aa drawn ap br J. Beete Jakes, M.A., F.G.S. See 
Seeord* o^tke School of JUineo, voL 1. part ii p. 334. 
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observed in acrtions in quarries, cliffs, or escapements 
will be found to be useful. 

Supposing in Figs. 43, 44, and 45 the lines AB and 



AC reprifesent the direction of uj^arent dips as observed 
at the point A. In tlie first case (Fig. 43) the dip of 
BA is 1 in 8 toward A, that of ('A 1 in 14 also tow^ards 
A. Mark off on AB 8 units of lengths and 14 of similar: 
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units on AC. Joint BC is the line of strike, and 
the line dip will be in the direction D. The explanation 
of the other two figures is obvious. A similar method of 
ascertaining the dip is adopted in the case shown in 
Fig. 44, the dips being concurrent in these instances. 
But the case of Fig. 45 is different; here the apparent 
dips arc ki reverse directions. Project, therefore, one 
of the lines of dip — either will do— and mark off on 
the projected portion the number of units of dip — 



eitner uegrees or other unit of inclination — joining the 
extremes as before. Thus projecting BA to 1), join DC. 
DC is then the line of strike and EF the line of true 
dip. 

‘ The directions of the lines of the apparent dip are 
determined by comjJhss reading and plotted on paper 
by the aid of a protractor, the amounts of these dips 
being ascertained by a clinometer. 

To find the amount of the true dip proceed thus 
(Fig. 46). Draw GH equal to AE (Fig. 41), and make the 
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angle GHl equal to the angle of observed dip, namely, 3® 
(see Table XVL p. 67) — exaggerated in the figui'e. Erect 
a perpenduular at meeting III at 1. 

Measure off‘ along GII a distance GK e(|ual 
to AD, and join KI. Then the value of 
the angle GKI, measured by the protractor, 
is the amount of the angle of true dip. 

Computation of Contents of Flat 
and Inclined Coal-seams. — Allusion 
has already been made (p. 36) to the manner of ascer- 
taining the tonnage of actual coal in a giv(*n area of seam. 
The formula generally adopted by the author for ascer- 
taining the available tonnage when not unduly cut up by 
faults, dykes, nip-outs, kc., is to allow 1200 tons per foot 
thick per acre, as exhausting all the general hindrances 
and losses in working. An ample allowance, it will be 
perceived, is made for such losses, the dilfcrcnce between 
1510 tons— the actual contents in an undisturbed acre of 
tjoal 1 foot thick — and 1200 being considerable. In com- 
puting the coal and other mineral contents in inclined 
beds proceed thus - 

Let A ~ the map area. 

„ n - See Of vvluTf 0 »» the angle <ljj> of the 
„ t’~Tliickneft.s of 1 m il m feet. 

„ I) -The percentage of mincml ohuinahle. 

,, K- The number of c.iihic feet in 1 ton of the niuieral. In 
the < of 0 )al lhi« may Ije Uken a« 2h. 

„ Q-"The ipuintity in tons. 

The reason for this can be shown thus. If A'H (Fig. 47) 


• A 



Fl«. 47. 

represent a line drawn across the area of the tract in the 



Fio. 40. 
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direction of the fullidip, and AB represent the inclination 
of the seam, the angle ABA'-^, 


and 


AB 

A'B" 


Seed 
1 ^ 


AB=rSec0A'B. 


The amount of dip is variable; the strike is the same 
whether tUe seam is slightly or highly inclined. 

Concerning Stones and Clay.— As building stones 
and clays are sometimes worked in connection with 
^coal, being either quarried at the surface or mined in 
the colliery, and as they are used for colliery purposes,^ 
or offered for sale, a few notes respecting the same will 
not be out of place in a work on coal-mining. 

The principal stones at the present time generally used 
in the United Kingdom for building are granite, sand- 
stones, and limestones. 

The weight of stone should be such that the specific 
gravity is not less than 2 and not more than 3. 

The. resistance to crushing offered by a stone is of 
great importance, and varies according to the position in 
which the stone is placed in respect to its lines of bedding. 
That of ^‘Gurnsey granite,” for instance (of a weight of 180 
tq lf85 Ite, per cubic foot), is 500 tons per superficial foot. 

The texture of the stone has to be considered with 
regard to the use to which it is to be put, whether close 
grained or not, and its capability to withstand weathering 
influences, 

, The porosity, again, is an important factor; stones 
which seem to contain numberless holes sometimes take 
up less moisture than those which are close-grained. 

* In Northttinberland and Durham the colliery proprietors own the houses in 
which the workmen live, and frequently erect the schools, churches, chapels, Ac, 
Many collieries throughout the United Kingdom have also extensive brick* works, 
the bricks being used at the surface and underground, and a trade often being 
carried on in the same as well. 
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Some stones are in a state of teif^iou prior to being 
quarried, and are liable to expansion when separated from 
the bed. A well-known instance of this is the stone 
worked in the Booming Quarry of Kentucky, U.S.A. The 
more porous a stone the lower is its conductivity, and the 
more close-grained and compact the greater is its con- 
ducting power. But the conducting power of stones and 
rocks depends in great measure on the relative direction of 
the jilanes of bedding or of cleavage to the direction of 
application of temperature, so that, when the direction, 
of the heat is perpendicular to the [danes of bedding or 
cleavage, the conductivity of the rock is lower than when 
the two arc parallel. 

When selecting stones for building purposes, more 
especially in respect of slate.s, it is necessary to observe 
jointing, dip, and cleavage. The number of joints, for 
instnm.'e, determines the size of the slates, the cleavage 
^their thickness; when not finely cleaved the stone may 
partake more of the nature of a flag than a slate. 

^tone which contains a great amount of (mrlioiuite of 
lime is apt to harden after l)eing quarried. An excep- 
tion to this rule, however, is Portland stone, which is used 
in the manufacture of hydraulic cement. • ♦ ^ 

The colour of stones, especially in the case of sand- 
stones, is fre(|uently determined by the presence of oxide 
of iron, though the very red sandstones as a rule contain 
less metallic iron than the grey sandstones. Sandstones 
are of varied colour — white, yellow, red, blue, gre^n, 
brown, and buff. 

Climatic conditions largely govern the use of stones. 
Thus, sApae stones used for building in the South of 
England, the Bath Oolite, for instance, would not be a 
suitable stone to use for erections in say Newcastle- 
upon-Tyne, where the sulphurous and other acids there 
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generated from thei large consumption of coal, chemical 
works, &c., would act injuriously on it, and for this reason 
it is best to avoid sandstones which contain even a trace 
qf lime if they are intended for use in the neighbourhood 
of large manufacturing towns. 

There need be very little waste in the quarrying of 
some stophs. For instance, after a large block of granite 
has be(in “squared” for some heavy piece of masonry 
the refuse may be used for road metal, but on being 
^ crushed for that purpose a considerable amount of very 
small stone will be made, which may be used in concrete 
or the manufacture of artificial paving stones. At Mount 
Sorrel a considerable part of the waste is used as a fertiliser 
for fruit trees, as it contains both potash and soda. 

No less than half a million tons of the granite annually 
obtained from the Leicestershire quarries is used on roads 
and streets in the Midland counties. 

Limestone is used as a flux in smelting, the resulting 
slag often being employed as road metal. 

Basalt “ setts ” are used in road-making. 

Clays arc of diflTerent kinds and are used for making 
a variety of bricks. A good building brick-clay should 
not* contain more than 2 per cent, of potash, as tending 
to make the ^lay run, as do also soda and iron when 
present. Highly siliceous clays are employed to make 
fireclay or fireclay bricks. 



CHAPTER IV 

PROSPKt'TINU AND PORING FOR GOAL 

• 

The Search for Coal. — Perhaps enough has been 
said, or indicated, in the foregoing chapters to show what 
an important part the scien(*e of geology plays in the 
discovery and detennination of the extent and value of 
coal deposits. Formerly coal was recklessly sought for 
in almost every geological formation, and much waste 
of money occasioned in useless boring and sinking 
operations. Now, however, in the Uniteil Kingdom and 
in many foreign countries, the coalfields hav<‘ been 
geologically surveyed, and many of them accurately 
mapped in great detail, so that, by the scientific use 
•of this information, the mining engineer and others are 
able to di'termine what seams of coal, b(‘ds of ironstone, 
and fireclay are likely to exist under any given area; 
and to know what succession of strata is likely to be 
[>enetrated should boring operations be carried Qut ; ^nd 
to decide upon the best site for shafts should sinking Be 
determined on. There yet remain, however, many parts 
of the world in which the mining engineer will have to 
carry out his oVn geological investigation and mapping. 

The search for coal, therefore, is differently commenced 
according to the nature of the information available wfth 
regard to the locality in which the* exploration is to Ixi 
made. 

The subject can be considered under three heads : — 

1. Where there is no knowledge of the presence of 
coal in the district to be explored. 

77 
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2. Where coal irf supposed to exist some little dis- 
tance from the locality. 

3. Where coal is worked in adjoining properties or 
royalties. 

' In case No. 1 it will be necessary to make a general 
topographical and geological survey of the country, where 
every feature which will prove of the least value as 
indicative of formations favourable to the occurrence of 
coal should be carefully noted, such as the occurrence 
of the fossil plants already mentioned, the existence of 
* ocherous springs, variations in vegetation, and many 
others. If tlie result of the survey is favourable, and 
coal is believed to exist, boring operations should be 
carried out in carefully selected spots. 

In case No. 2 the supposed occurrence of coal should 
be carefully investigated and the neighbourhood geologi- 
cally surveyed, the dip of the strata, especially, determined 
with accuracy, and the survey connected with the tract 
in question. If the coal measures dip in that direction,* 
it will be desirable to put down bore-holes to determine 
the number, thickness, and value of the seams. 

In case No. 3, by means of the vertical section at 
the nearest shaft and surface levelling to the 2 )roperty 
to be developed, a sectional levelling should be con- 
structed, and if the distance be not great, and the coal- 
seams and other strata regular and unlikely to undergo 
variation, and there is no external evidence of large 
faults or intrusive dykes intervening, sinking operations 
rauy be undertaken without first putting down trial 
borings, though even in instances of this kind borings 
are often made l)efore undertaking a costly sinking. 

The importance of keeping accurate and’ detailed 
accounts of the strata passed through in boring — 
detailed in point of description of rock, thickness, .colour, 
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texture, and character generally — Ciftijiot ha over-empha- 
sised. Fig, 48 illustrates this in resj)ect of three bore- 
holes, none of which has directly proved the existence of 
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a seam of coal, thou< 4 li there are such outcropping between 
the several holes. Had a pro|>cr boring record been kept 
when ]>utting down the lirst hole, the second would have 
shown the necessity of boring deeper, and the third would 
not have been necessary. 

Some Uses of Bore-holes. — The uses to which 
bore-holes are put in coal-mining are numerous, ami may 
be summarised as follows : — 

I. Hie ascertainment of the (*xistence, deptii from the 
surface, natuie, tliickness, dip, ami strike of a deposit. 

* *2. To drain a sliaft of water when the same is being 

.sunk to workings immediately below. 

3. For ventilating a shaft when being sunk to work- 
ings below. 

4. Tn drain off gas from workings, or to oiherwise 

ventilate workings. ‘ ^ 

5. For the purjKise. of obtaining water to supply 
dwellings in the neighhourhoml of the colliery, or for the 
generation of ^team, or other purpo.scs. 

6. For the purpose.s of carrying down the means of 
signalling or transmission of ]:x)wer, or conveying water 
to underground workings.’ 

7. F^r the insertion of pipcif for the circulation of 

* See the Odliery Eiujineer, vol. vlii. pp. 4y*-52, for au interesting account of 
bore-holcii being in the anthracite coal flitttrir.u of rcnm^lvania aa rop<!, 
ateam, and water ways, aa well as for speaking tubes, and for bell wires to 
en^fineiaiia on the surface. 
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freezing mixtures, )ylien sinking shafts through running 
sands, &c. 

8. 'Jo sink shafts. 

Besides the uses to which bore- holes are put in coal- 
mining, it may be mentioned that in other branches of 
mining and engineering they are also largely employed, 
thus — to *provc mineral lodes, obtain natural gas, for oil, 
salt, and artesian wells, for the introduction of cement 
for strengthening foundations, and to make holes for 
piling. 

Particulars concerning some Important Bore- 
holes. — Important examples of some deep bore-holes 
may be mentioned : — 

'i'he Rand-Victoria bore-hole, put down south of the 
Binimcr and Jack gold-mine (Transvaal), 4100 feet from 
the outcrop, struck the reefs at 2343 and 2391 feet. The 
total dcptli of the hole was 2500 feet. 

A bore-hole was put down at a distance of 6000 feet 
from the outcrop at the Meyer and Charlton gold-mim? 
(Transvaal) to a depth of 3500 feet. 

The “ Turf Club Syndicate,” in the Transvaal, began 
two bore-holes near Johannesburg before the war, known 
as ,the Ba^t and West bore-holes ; that to the west cut 
flirough the Reef series at 4743 feet from the surface, 
and the east bore-hole at 4825 feet. All these holes 
were bored by the diamond drill. ^ 

Mr. Ilennen Jennings has informed the author that 
experiments with a view to determining the heat in- 
crement were made in the west bore-hole, but not to 
the full depth, so that conclusive results had not been 
obtained, but when carried out over the whole depth 
they were not expected to materially differ from those 
arrived at in the Bezuidenville bore-hole, where the rise in 


> See also p. 187. 
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temperature averaged 1® F. for every *208 feet in depth, 
over a depth of 3251 feet. 

In Wisconsin, U.S.A., a hole wiis l^ored by the Ameri- 
can rope-drilling process to a depth of 3700 feet itt 
search of mineral gas. It is worthy of note that by this 
method of drilling in ten years (1878 -1888) no less 
than 30,000 oil wells were sunk. 

The l)(>ring at Si»aton Carew, near Ilartlep<x)l, in the 
county of Durham (1888), to jmn-e the existence of salt 
(which, however, it did not do), wjis sunk to a depth of 
1 GOO feet by the diamond drill. 

A noted bore-hole wjw that at Schladcbach, Lcipzic, 
5730 feet deep, commenced at 11 inches in diameter, 
and finished at 1*22 inches (at hottoni). It began in the 
Triassic formation, and passctl througli the Permian into 
the iJevonian, and was eompleted in 1888. 

The hore-hole which definitely proved the existenec of 
the Kent coalfield (1895), the possible existence of which 
had been years before suggested by Mr. (Joodwin-Austin,* 
was sunk by diamond drill from the )>ottoni (»f a shaft 
44 feet deep, an<l attained a depth of 228G fcet^G inches. 
It was commenced at 18 inches diameter, reduced to 9 
inches, the final core brought up being 4 inches in dihmetcr.^ 

The deepest bore-hole in the world is that known as 
the No. 5 at Paruschowitz, near Rybnik, in Upper Silesia," 
whi« h went down 6572*6 feet. The first 351 feet of the 
lK)ring were accomplislied by a cutting edge and a 
stream of water through sand, day, and Tertiary shales * 
the remainder of the hole was bored with the diamond 
drill, commencing with a crown 6*73 inches outside 
diameter. The diameters of th^ other crowns used 
were: at 1046 feet, 4*57 inches; at 1873 feet, 3*58 

* Report to the Royal CommiHsion on Coal, 1871. 

• * Olikkitu/, 1895, vol. xxxl ppu 1273, 1277. 

VOL I. F- 
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inches; At 3327 ftet to the bottom of the bore-hole, 
2*72 inches. Mannesman seamless steel tubes were used 
for lining the hole. The total weight of the bore-rods 
at 0561 feet was 13 tons 15 cwts., from which depth it 
took 10 horse-power to draw them, and the same to lower 
them in again— a 25 horse-power engine at this depth 
replacing one of 15 horse-power. Actual boring absorbed 
399 working days, and the cost of putting the hole down 
was £3700, or about 11s. 5d. per foot. The boring cut 
through no less than 83 seams of coal. The average heat in- 
crement was at the rate of T V, for each 112 feet in depth. 

The deepest coal boring yet carried out in the United 
Kingdom is that at Southcar, near Doncaster,^ it being 
3195 feet 3 inches dee}). The work of boring was per- 
formed by the Vivian Diamond Boring Company, anti 
was completed in 1890. The hole wiis 13 inches in 
diameter at the surface, gradually reduced by stages, the 
core from the bottom being about 1^- inches in diameter. 
The object of the boring was to i)rove the eastern extei^ 
sion of the Midland coalfield, in which res})e<‘t it was 
successful. 


Systems of Boring 

•* Boring is either percussive or rotary, and all systems 
can conveniehtly be classed under one of the following 
eight heads : — 


1. Boring with rigid r<Mls, 

2. Ro<is with a ** free fall ” armngement. 

3. „ „ spring arrangement. 

4. Rope-drilling. 

6. Boring by hydraulic force. 

6. The diamond dril^ i 

7. Drilling with the use of a steel cutting 

crown. I 

8. Drilling with chilled steel shot I 

* Tratu, InU. voL xii. pp. 51&-621 


Percussive boring. 


Rotary boring. 
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In making a selection of the system of Wing to be, 
adoptei} in any one instance, the engineer should l>e largely 
guided by the object for which the bore*lioIe is intended* 
Rapidity of execution is always desirable ; but more im- 
jK)rtant than tins may be accuracy in determining the 
section of strat4i, or the securing of as complete a core 
as possible. * 

As many of the older inetiuKls of l)oring arc still 
largely used, it will be ailvisable to consider the methods 
and apparati in use under two heads, viz.: (1) Older 
n»ethods of boring. (2) Later developments in boring. 

OnoKU Mkthoos of 1>ohin(; 

Boring with Rigid Rods. --The oldest method of 
boring in Britain is by raising and letting fall again iron 
or steel rods, screwed into one another, to tlie lowest 
length of wliich is uttuehe<l a cutting-bit or chisel ; and 
tlie same mo<k‘ is still pursued, and may fre<piently be 
more cheaply em])loye(l than any other system, when the 
depth to wliicli the hole has to be bored is not great, 
and when arcuracy of section or a core of the strata 
pjus.scd through are not necessary. 

Boring with rigid rods can, u]> to a dc[)th <ff abou^, 
120 feet, be tlone by hand, between thi.s niiil 300 feet by 
lever or brake,” but lieyond 300 feet steam* |H>wcr must 
be utilised. 

The ordinary equipment, the various items of which 
are illustrated by Figs. 40 and 50, comprises — 

1. A stft of Khojir legs, matle of Norway spa^ 8 inebea square, from 
40 to 50 feet iu height, set on a triangular frame (m». Fig. 49). 

3. A jack roll, about 12 inches in diameter, 6tted with a brake to 
regulate the speed of the rrHis when being loweretl (/>, Fig. 49). 

3. Blocks and rope ; the former either single, double, or multiplied 
according to the depth of the hole and consequent weight of 
the rods (r, Fig. 49, and 8, Fig. 50). 
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4. A simple lever of*memel fir, 10 to 12 feet in length, the full 
crown, which is an iron axle, being situated 18 inches to 2 
feet from the end at which the rods are suspended from an 
iron crook by a piece of rope, which is doubled and passed 
over the brace-head at the top of the rods. As the weight 
of the suspended rods increases, the length of the lever can 
be increased and a balance weight attached to the longer 
arm.(Fig. 49). 

5. A brace-head fitted to 
the top of the rods 
to enable them to be 
raised and turne<l in 
the hole (1, 2, and 3, 
Fig. 50). 

(). A runner (5, Fig. 50). 

7. A topit (4, Fig. 50). 

8. Keys (15, Fig. 50). 

9. Kods in G-feet lengths, 
and made square (usu- 
ally 1 inch s(juare)soa.s 
to s(!rew and unscrew 
easily (11, Fig. 50). 

10. (Uiisels, or bits of steej, 
usually 18 inches long 
and 2h inches broad at 
the face (14, Fig. 50). 

11. Wimbles 3 feet long, 
the lower 2 feet being 
cylindrical, with a 
partial covering at the 




• Fu». 49.— Head Gear or “Hig” in position, 
rt. Shear legs; 6. Jack roll; 
c. Hlock and'Tope. 


bottom for the pur- 
pose of retaining the 
fragments of core or 
coal (12, Fig. 50). 

12. Sludgers, which are 
somewhat similar to 
the almve. 


13. Instrument for boring 
through coal, which has cross-cutters and a check valve ; its 
use being to bring up entire sections of any seam*^ that may be 
passeil through (10, Fig. 50). 


14. A B^he, al>out 2 feet 6 inches long, and hollow for a distance of 
20 inches frou the bottom, the cone-shaped cavity tapering 
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from U inches diameter at the bottom to a J inch diameter at 

. the top (10, Fig. 50). 

15. Rounders, which are used to break off any irregularities which 
^ may have been occasioned by careless boring. 

Supposing a hole 500 feet in depth to be contemplated, 
the operation of sinking it would be as follows : The solid 
rock (rock* head) would be reached by a staple pit 5 to 6 
feet in diameter, the sides of the same being secured by 
timber or brick lining, A guide tube would then be fixed 
ill a vertical position at the point where the bore*hole 
is to be commenced. By sinking the staple pit the 
difficult lioring through the soft upper beds is obviated, 
height also is added to the distance between surface of 
bore-hole and the pulley block, so that longer lengths of 
rods can be drawn out and unscrewed, and in this way a 
considerable saving of time is secured when drawing the 
rods for any purpose, sucli as changing a bit, sludging 
out the hole, &c., and a length of bore equal to the dept^ 
of the staple pit, which would be the costliest part of 
the boring, is saved, namely, what would otherwise have 
been the lowest length. 

The diameter of the bore-hole is usually about 
•inches. By this system holes arc never put down at 
a less diameter than inches nor greater than 12 
inches. The operation of boring is briefly this. The 
master-borer, or master of the shift, takes up his position 
at the brace-head, and while two men at the end of the 
lever raise and lower it, he turns the brace-head partly 
round, so that the <;}itting tool on being lowered may not 
strike the same place as before; when the rods fall he 
retains his hold of the brace-head, so that he may be able 
to tell by the touch when any change in the stratification 
takes place. When it is desired to draw the rods, the 
brace-head is unscrewed, the rods being meanwhile held 
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ID position by keys, a “runner” is attiiebcd to the rope 
and passed over the rods to the top of which the “ topit ” 
has been screw^ed. The rope is then wound up by the 
jack roll, and the rods unscrewed in the longest possiblf 
lengths. In the case of a deep hole an engine would be 
used for winding up the rods, and also for working them 
when boring. As little time as possible should be taken 
in sludging out a hole, and the sludger let down rapidly, 
its descent being checked by means of the brake in the 
case of deep holes of, say, 1000 feet. For such a de[)th 
about three and a half minutes would be occupied in the 
descent. The operation of sludging or pumping is then 
begun and continued for about five minutes. The time 
occupied in raising the sludger will he, for a 1000-feet 
hole, about twelve minutes. 

Rate and Cost of Boring.— \Mien a l)oring 
through average coal measure strata is carried out in the 
manner descrihed above, the rate of [>rogreHs would in 
the earlier stages attain perhaps 12 inchc.s j)er hour, but 
after a cleptli of some 00 feet is reached the average 
.speed will be much reduced, owing to the greater time 
lost in drawing and lowering the rods and slftdging out 
the hole. The co.st of boring by this method ij, in Jthc 
North of England, u.sually ba.scd on a rate^of 7s. Od. per 
fathom (0 feet) for the first five fathoms, witli an increase 
of 7s. Od. per fathom after every 5 fathoms. 

Thus if (J— tlie cost of the bore-hole, 
a=sthe i)ri<'e of the first stejt, 

6 increase in price for each additional step, 
««numl>er of steps. 

By arithmetical progre.s.sion — 

or taking the case of a bore-hole 300 feet in depth — 
c - 6d. X 2 + (10 - 1) 37s.^6J.J 
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But it has sometimes been performed at a 48. instead 
of 78. 6d. rate per fathom, with a 4s. increase. This method 
of calculating the cost of bore-holes is applicable to all 
^sterns of boring, the only variants being in the price per 
given length and the steps. 

Boring through Clay and Sand. —When boring 
through soft stratum, such as plastic clay, for instance, 
great difficulty may be experienced in keeping the hole 
open, and it will be necessary to insert lining tubes for this 
purpose, wliicli should be got into place with the greatest 
expedition, if possible before the clay begins to sw^ell ; 
success in boring in such cases is fre(|uently entirely 
dependent upon rapidity of execution. 

If a stratum of running sand be encountered the best 
way of boring through it is by means of a water jet, lining 
tubes being put down until the sand-bed is reached, and 
an inner tube fitted with a nozzle pierced laterally with a 
number of holes let down until the nozzle rests on the sand, 
the surface end being connected with a force-pump. TlieP 
pressure of the water forces the sand up the annular space 
to the surface, the nozzle being lowered as the sand is 
forced up nnd the tube lining sunk down - pressure being 
kept on pie tubes to force them down. When firm ground 
tk reached the steel lining, which has a cutting edge, is 
driven hard into it, so as to prevent any sand or water 
finding their way beneath it, and so into the hole. 
Another method which has been tried with success, and 
one which has the advantage of not involving the use of 
any special plant, is that designed by Mr. C. B. Reynolds.' 
In the case of a bore-hole sunk by the Government of 
India, when proving the Warora coalfield, in the Wardah 
Valley, Central Provinces, the thickness of the sand pene- 
trated was 12 or 14 feet, and was overlaid by clay. 

* /ft«r. JIf.f’., vol. xiv. pp. 107, 110. 
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When the sand was pierced, the water passed up the hole 
into the staple pit where the men were. It was d(‘sirable 
that no water should be left in the hole when finished ; 
and realising that a serious loss of time would result if 
there was any stoppage occasioned by having to wait for 
tubes, these were constructed at the mines on the Lentz 
method, as used at Baku,’ and were 12 J inches iir diameter. 
Such tubes could not stand much driving, so on reaching 
the running sand they were forced into it by the blows of 
a “ monkey,” as far as was deemed safe. Within them 
flush jointed steel tubes, 10 inches in diameter, were 
inserted, and driven as far as possible in advance of the 
larger tubes into the running sand. To the end of the 
column of bore rods was fixed an inverted pump-bucket 
of wood with leather clack-valves, and the water standing 
in tlie tubes was with l^ortland cement pumped down- 
wards into the sand below, the rods being weighted with 
tubes to enable the bucket to force the water down. Wlien 
'the Portland cement had set, it was drilled through. 

Tubing a Hole.— Should it be necessary, on account 
of having to pass through a bed of sand or clay, or because 
of a tendency of the strata penetrated to cave* in, or any 
further rea-^on, to line the hole or part of it with tubjng, 
a smaller chisel, and po.ssibly rods of a less cross sectioiT, 
will have to be used, after the tubing has teen inserted. 

It is frequently necessary to protect a hole throughout 
its whole length by tubing, especially if it has to be kept 
open for any length of time, and it may be necessary to 
insert the tubing as the boring proceeds, in which case, 
if the hole be deep, its initial diameter will be propor- 
tionately greater, as the tubing wUl be inserted in stages, 
and various sizes of chisels will have to I)e used, unless, 
indeed, some such device as that shown in Figs. 71 and 

‘ Petndium. and its Products^ bj Sir Boverton lUniirood. rol. i. p. 28S. 

t 
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^2, and described on p. 122, is used to bore out the hole, 
vlien it is possible to use the same diameter of tubing 
or very considerable depths, if not throughout the hole. 

, Depth to which it is Feasible to Bore with 
Rigid Rods.— The depth to which it is possible to 
)ore with a rigid column of iron rods is necessarily 
imitcd, fbr the jar or vibration communicated to the 



K 41 J. Dl.— 'lioriug Tools used .at Eiisington Collioo Sinking, 
Co. Durham, in 1903. 

M Free-fall. B. Enlarging oliiscl. 


rods if the whole length be allowed to fall suddenly 
through a space of 2 or 3 feet — the usual length of 
stroke — and the conse(.[ucnt percussion of the chisel on 
the bottom of the hole being continuously repeated, is 
such as very frequently adversely aftects the nature 
of the metal, causing breakage of the rods, unless they 
are made of corresponding strength, which entails great 
weight, and no rods will permanently withstand a con- 
tinually repeated f|Jl through the distance named, ,$o 
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that in practice the fall in deep hoies becomes limited 
to a few inches. Boring by rigid iron rods is in prac- 
tice, therefore, found to be practicable only up to about 
1000 feet, and it is now customary in percussively 
boring all deep holes with rigid rods to make use of some 
kind of ** free-fall ” or other device, by which the jar to 
the column of rods is limited. Whatever its nTaturc, the 
amount of drop to the free-fall, sliding box, or jars, must 
be somewhat greater than the stroke of the engine 
working the column of rods or the rope. 

The Free-fall. — “Jars” were first applied to boring 
in 1834 by a German Government mining engineer. 
Von Oeynhausen. A bore-hole at Neusalz, in Germany, 
had been sunk to a depth of 927 feet by ordinary 
methods, but by applying the free-fall arrangement, 
which he devised for the purpose, it was foutid possible 
to carry it to a depth of 2252 feet. 

^ (a) Kind's Free-fall — In 1844 Kind put into use his 

free-fall, which replaced Von Oeynhausen's on the Con- 
tinent. This consists of an arrangement whereby the 
cutting tool is lifted with the upstroke of the walking- 
beam, and released by a mechanism shown In Fig. 52 
and allowed to drop. It will be seen that the# slides N, 
which is capable of a slight up-and-down ipovement, is at 
its upper end attached to the piston D, whilst the lower 
end is fixed to the wedge ring K. Hence, as the rods 
commence to* descend, the clips EE, working on the 
central pivots 6, open, owing to the pressure of the water 
in the hole acting on the under side of the piston, allow- 
ing the tool and rod H to fall freefy, the chisel striking 
the bottom of the hole, the rods following, and on reach- 
ing the top of H, the open clips or fangs pass some 
distance over the head I, but the moment the upward 
stroke is commenced and the pressure is on the upper 
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side of the piston they close, so that the bar and wedge 
ring are pressed down, and the rod carrying the tool is 
firmly gripped. The space through which the tool falls 
be made anything that is desired, being greater in the 
case of hard than soft rocks — as much as 10 to 18 feet 



Fia. 62.— Kind’s Boring Tool. 


when boring through the former. As will Ihj seen from 
the illustration (Fig, ^3), cores, if so desired, can l>e 
obtained by using a crown holding chisels — usually five 
or more — in place of the ordinary trepan. Where 
it is desired to bring the core to the surface, that js, 



Flo. 53. — Kiml’s C'rown-liorer uii<l Core* extractor. 


the core, the curved teeth PP of the same behiir forced 
outwards by an interior cylin<lcr JiR which is suspended 
by a cord from the surface; the teeth pressing against 
the core enable it to be broken off and raised to the 
surface. This method of boring would not be possible in 
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a dry hole, for it is, necessary that that part of the hole 
in which the free-fall works should be full of water, in 
order that the piston I) may be worked. However, the 
majority of bore-holes do contain water. 

At Kreutsberg, Moselle, in 1852, a boring 11*8 inches 
in diameter was put down through 890 feet of new red 
sandstonei and coal measure rocks l)y the Kind system, 
at a cost of £806, 13s., or at an average cost of 13s. 8d. 
per foot over the entire depth, that is, about 8s. 8d. for 
the first 300 feet, 1 4s. 6d. the second 300 feet, and 19s. 8d. 
for the last 300 feet, or, roughly, an increase of 5s. 4d. 
per foot for each 300-feet stage. Core-boring was only 
resorted to when passing through a coal-seam. The hole 
was begun in May and finished in Decem])cr. 

(/>) Dnis Free-fall (Fig. 54). — The tool I) is composed 
of wrought iron, and the hook H whic.h constitutes the 
head of the boring tool slides in the guide-box H, and 
engaging with tlie catch J, the tool is thereby raised on 
the upstroke of the “walking-beam'’ (or brake). Tlie* 
upper end of the disengaging catch J bears against an 
inclined plane L, and the hole 0 carrying the centre pin I 
of the catch are made oval in the vertical direction, 
so as to allow of a small movement in that direction. 
At the termination of the upstroke the rear end of the 
walking-beam *s made to strike with some violence upon 
a wooden buffer block ; the consequent shock occasions a 
slight jump of the catch, the tail of which is thrown 
outwards by the incline L and the hook H liberated. 
Ou the descent of the rods the catch again engages 
with the hook, and* the rods are picked up and the 
process repeated. Another and slightly different arrange- 
ment of Mr. Dru’s is shown in Fig. 54, in \t^hich the 
disengagement is effected by a rod M, and the details 
of which are apparent from the drawing. 
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In 1867^ Mr. J)ru was engaged in sinking a well 
19 inches in diameter to a contemplated depth of 1800 
feet, and another one at Butte-aux-Cailles, for supplying 
water to Paris, was being put down by him to a depth 
of from 2G00 to 2900 feet, and was at that time 47 
inches in diameter, and stood at a depth of 490 feet. 

Considerable variation was experienced in the rate of 
boring when using Dru’s apparatus. Some rocks were 
so hard that with 12,000 blows per diem from a tool 
weighing half a ton, and a height of fall of 19 inches, the 
hole only advanced 3 to 4 inches in the day. When 
passing through soft rock the rate of advancement was, 
of course, vastly greater than this. 

(r) Fabians Free-fall. — In Fabian’s free-fall, the rod 
to which the cutting tool is attached is a tube or l)Ox, 
at the top of which is a pin, which, on the rods being 
slightly turned at the surface, engages in a slot, and 
this is raised by the upstroke of the walking-beam. The 
disengagement being ettected as in the case of Dru’s free-* 
fall by shocks, and in (combination thercwitli a turn of 
the rods by the driller. 

Other types of free-falling apparatus, all of which have 
been, ai^d still are to some extent, used, are -Zobels, 
Werner’s, Gaiski’s, Sonutag’s, Kolb's, and Kleritj’s. For 
an account of which the reader, who is desirous of further 
pursuing the subject, is referred to tlic admirable paper 
by J. Clark Jefferson, in the Transactions of the Midland 
InstituU of Minimjy Civile and Mechanical Fugiueers, 
vols. V. and vi. 

The Mather and Platt System of Boring.-— 

The special features of fthis system of boring are — (a) the 
mode of actuating the boring tool through the medium 

^ Paper by Mr. Dm on the machinery for tiering art<e»)ian wells, in the 
Proce€dingt of th« JmtUute of Mtckanicol Engiwtrs, 18G7, pp. 174-191. 
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of a flat rope,^ and (/>) the i)eculiar •construction of the 
boring apparatus. 

In Fig. 55, on leaving the drum A, the flat rope passes 
under the guide pulley B, hid«len from view in Fig. 55, bu4; 
shown in 55a, and thence over a flanged pulley 0, carried in 
a fork at the top of a square piston rod, worked from the 
vertical single-acting steam cylinder D. All the working 
parts being 8up[)orted by a strong frame of wood or iron. 

When the operation of boring is about to be com- 
menced, the boring head E is lowered to the bottom of 
the hole by the rope unwinding from the drum, and the 
rope being then secured by the clamj) F, steam is ad- 
mitted into the cylinder 1), which in raising the sliding 
pulley C gives to the rope, and hence to the boring 
tool, twice the stroke of the engine ; on releasing the 
steam, the piston and its attachment drop, and the boring 
tool falls with considerable force on the bottom of the 
hole. The working of the inlet and exhaust valves is 
automatic through the medium of tappets, which are 
themselves actuated by the movement of tlie piston rod, 
and it is so arranged that the piston near the end of its 
down stroke is received on a cushion of steam. In this 
way a rapid succession of blows, usually twenty’four per 
minute, is struck by the tool at tlie bottom of the hole. 
By shifting the tappets, the length of stroke of the piston 
can be varied from 1 to 8 feet. When necessary to clean 
out the hole tlie clamp F is released, the boring tool 
wound up and replaced by the shell pump, which is 
lowered into the hole, and by raising and lowering it 
about three times at the bottom of* the liolc, by means 
of the reversing gear of the winding-engine, the debris 
is removed. The boring tcJol is shown in Fig. 56, and 
consists of a slot head 6, into which are inserted steel 

* Ifewra. Katber k Platt have in operation aloo a roq|d rope ejetem of boring. 

VOU I. p 



^ FlO* 65. — Mather & Flatt Flat Rc^ Boring Apparatns. 
^ Fig, h5A.->-0iagnunm^o ax()la&atioti of the same. 
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teeth or chisels C; the 
wrought iron bar which 
carries this head is guided 
in the hole by the guides 
A A. At the top of the 
bar are secured two col- 
lars, li and E ; *the upper 
face of the lower collar 
and the lower face of the 
upper collar have deep 
ratchet teeth, set in line ; 
a deep bush F which 
has corresponding ratchet 
teeth on both faces slides 
freely on the bar between 
these collars, the top teeth 
being set half a tooth in 
advance of the lower teeth. 
This bush has attached to 
it the stirrup G hanging 
from the flat hempen rope. 
On the boring bar falling 
and striking a blow, the 
bush disengages from the 
teeth on the upper collar, 
and falls upon those of 
the lower collar*, and so is 
twisted through a distance 
of half a tooth. On the 
raising of the bar the 
bush engages again with 
the teeth* of the upper 
collar, and te again twisted 
to the extent of half a 



Fia. 56.-(l) Boriag tool (2) Sludger. 
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tooth. That is to* say, a twist to the extent of half 
a tooth is given to the rope, which is untwisted again 
during the lifting of the bar, consequently a constant 
jotating movement is imparted between the blows to 
the cutting crown, and each chisel strikes in a new spot 
on each successive blow. 

One o*f the earliest holes put down by this method was 
in 18G1 at Middlesbrough, for Messrs. Bolckow, Vaughan 
and Co., Ltd. The hole was 18 inches in diameter and 
1312 feet deep, and penetrates the sandstones (about 900 
feet), marls, and gypsum beds of the new red sandstone. 
The first GOO feet occupied 100 days; the total time 
occupied by the boring was 540 days, but 150 of them 
were engaged in pumping water for test purposes and by 
other 8toj)page8. When penetrating the sandstone the 
rate of boring was 13 feet in 13 hours, and when the 
depth of the hole was upwards of 1110 feet the progress 
amounted to only 3| feet per 13 hours. 

Quite recently, in Poland, it was used to bore a hole,* 
33 inches in diameter at the top and 1C inches at the 
bottom, to a depth of 2280 feet; and at the time of 
writing is being used near Burnley, in Lancashire. 

(Jood cores are obtained by this method, and the 
framework of ihe machine occupies little space. 



CilAPTEll V 

LATER DEVELOPMENTS IN 110RIN(J 


It has been shown that the first improvements in l)oring 
were directed towards relieving the rods of tlio vibration, 
consequent on the falling of the great weight. In the 
so-called “Canadian” system of boring this is secured by 
the substitution of wooden rods instead of iron or steel, 
and differs from the “American” rope drilling process, 
presently to be described (p. 102), in the use of ash-polos ' 
in place of a hempen rope for carrying the boring tools. 

Mr. Nelson Boyd, in an interesting paper re/ul before the 
Society of Engineers in May 1894, in which he discussed 
the method of boring, supplies data which enables us to 
compare it with others in point of economy and efficiency. 

In boring a deep well in (lalhua (Austria), the time 
occupied in drawing up and lotting down the rods when it 
w'as necessary to clean out the hole (the details of wdiicli 
were noted by Mr. Nelson Boyd himself, the well being, 
at the time of the observation, i 542 feet deep) was as 
follows : — 

Drawing rwls 2.''» minutes. 

Let ting clow It the fcaiid-puinp hy iiieaiis of the r«M]s 14 „ 

Drawing up the sand -pump 

Changing the chisel « 

Letting down tlie chisel II » 

Connecting tlie beam » 

H.*) minutes. 

• 

* Woodenwods are also sometimes u||pd on the Continent, fashioned of straight- 
grained pine, 2|. 3, or 4 inches square, and .33 to 39 feet long, joinknl in the same 
way as iron rdtls, viz. a socket at the bottom and male screw at the top, these 
iron pieces being fixed to the rods by means of forks and fastened with bolts. 
See Callon’t Luiurtt on Mining, vol. L p. 100. 

• XOI 
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Whereas a similar* operation performed by rope in an 
oil-well in Pennsylvania, 1600 feet in depth, occupied 
about twenty minutes, so that in deep holes the advantage 
in this respect lies with the “ American ” as compared with 
the ** Canadian ” system. Though in a shallow hole the 
** Canadian ” may be the better method of boring, by the 
'^Americair’ system it is possible to bore a hole of less 
diameter than })y wooden rods ; on the other hand, how- 
ever, it is more difficult to preserve verticality when 
using a rope, especially when the strata penetrated are 
much inclined. 

The “Canadian” system has ))een largely used for 
boring oil wells, and the cost per foot, according to Mr. 
Nelson Boyd, varies between IGs. and 30s. a foot, but he 
puts the average cost at about £l per foot. 

The American Rope Drilling Methodd— The 
“ Uig,” Fig. 57, as it is called in America, consists of a 
derrick, band- wheel, bull- wheel, sand -pump reel, sampson 
post, walking-beam, and engine-house. 

The Dev ricky A, made of hemlock (pine wood), is 
somewhat pyramidal in form, composed of four uprights 
resting on hewn oak or stone sills, and held in posi- 
tion })y ihe necessary ties and diagonal braces, generally 
about 70 feet* high and 20 feet square at base. This 
derrick carries two sheaves, the crown-pulley, lb and 
the sand-pump reel. The object of its great height will 
he readily understooil when the pump-drawing operation 
is^ described. 

The Wcdking-beaniy D, is the instrument which com- 
municates the perpendicular up-and-down motion to the 
rope which carries the* drilling tools, and this is put in 
motion by the “ pitman/* E, vJhich is a kind of connecting- 

^ Seo a desoriptioa of tbi« metbod by the author, in liis paper, “ The Salt 
Depoait of South Durham and Yorkshire,^’ Trnm. BriL Mining StwUnUy 
?o). X. pp. 92, 103. 
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The ‘‘ BuU-whe4s” H, are also made of wood. The 
total length of the oak shaft is from 10^ to 12 feet and 
its diameter 13 inches, the diameter of the wheels being 
to 7 feet. 

The Brake, I, is an iron strap applied under the wheel 
as shown. 

The "'Band-wheel ” is fashioned of fine hard wood, and 
is carefully planed. It is about 7 feet in diameter. The 
grooves of the rope-pulleys on band and bull wheels are 
made of hard wood. The “sand-pump red” friction 
pulley, J, has been shown by experience to be the most 
awkward part of the whole “ rig.” 

The ordinary drilling tools, which are shown in Fig. 
58, comprise a “sinker bar” (a), which is screwed into 
the “rope-socket” {d), and the “jars” (c), which are two 
flat links. Their function is to give the auger-stem (6) 
and “ bit” (/and/' ) a decided jar on the upstroke, and to 
loosen the bit (or chisel) in case it should become wedged 
fast in the hole. The “sinker-bar” is added to give the 
required force to the upward jar. All these tools screw 
into one another, as shown. 

Before drilling is commenced, wrought iron tubes of 
20-feet lengths and J-inch thick, which screw into one 
Another, and of a diameter suitable to the bore-hole about 
to be put down, are driven through the soft upper beds 
of clay and sand, supposing such to exist. These pipes 
(?i and m, Fig. 58) are termed “conducto»s” or “drive- 
pipes.” Their object is to protect the sides of the hole 
from the clay and sand, which would otherwise completely 
choke it up. The first one is driven so far down, a second 
screwed on top of it apd driven down, and so on until 
the solid rock is reached. ^ 

Upper soft or alluvial formations (say, 60 feet) cannot 
be drilled in the ordinary way, so that the following 
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method, called “ spudding,” has to be,resorted to. This 



Fig. 58. — Some of the Tools and other Af^dianccs uj)cd in American Hope Drilling, 


consists of attaching the auger-.stem and bit by the rope 


tkt Tool*} 
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socket to a short piece of cable, about 160 feet long, the 
other end of which is passed round the crown^pulley and 
down to the bull-wheel, a few turns being passed round 
Jbhe bull-wheel shaft. The engine is then started* One of 
the drillers stands near the bull-wheel with the loose end 
of the cable in his hands ; a slight pull on this tightens 
the loose coils on the bull-wheel shaft, which is rapidly 
revolving; the tools are raised, the rope is immediately 
slackened, the tools drop, another slight pull is given, and 
so on until a sufficient depth is attained to enable the 
walking-beam to come into operation. 1’he conductor 
pipes are driven through the soft beds, say, clay and sand, 
with a wooden “mall” made of oak, 20 feet long by 
14 inches square, which is raised and lowered in the same 
manner in which the tools are handled in “ spudding.” 

Firm ground having been reached, drilling proper is 
commenced. The drilling cable, of G inches un tarred 
manila rope, is passed over the crown-pulley and coiled 
upon the bull-wheel shaft, and the other end fixed into 
the rope socket. The tools arc then screwed up, and 
lowered into the hole by the bull -wheel brake. The 
walking-beam is connected with the band-wheel by 
slippinj^ the pitman on to the wrist pin and driving up 
*the key, and what is called the “ temper-screw ” (//, Fig. 58) 
is suspended by a hook to the w^alking-beam. The temper- 
screw, which is })erhaps the most ingenious of all the 
clever appliances connected with this boring apparatus, 
connects the rope and the walking-beam, its purpose 
lleing the lowering of the tools as the drilling progresses, 
which is done by letting out the screw. After drill- 
ing 4 feet, it is necessary to withdraw and re- clamp 
the rope. • 

As the tools rise and fall they are constantly rotated 
by hand by means of a short lever inserted in the rings 
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ol the temper-screw. The driller is enabled to discern, 
by means of the vibrations communicated through the 
rope from the jars, how the tools are working. When 
the temper-screw is run out the tools arc withdrawn,, 
To do this the bull-wheel rope is thrown into gear and 
the bull-wheel brake applied, the engine being stopped 
when all the slack rope is wound up. The clAnips are 
then loosened and the pitman thrown oft\ the walking- 
beam put out of the way, and the rope with tlic tools 
run up. The engine is stopped and tlic l>ull-roj)C 
thrown off the tools being then pushed aside out of 
the way, and the sand-pump, whi(‘h is alway.s attathed 
to the sand-pump wheel, is run up and down four or 
five times by means of the friction gear and brake blo<‘k 
shown on the plan. When the sc<liment is cleaned out 
of the hole the tools are again lowered, controlled by 
the bull-wheel brake, the walking-beam connect i(»n made, 
the temper-screw clamped to the rope, and boring re- 
commenced. 

Sometimes the conductors are driven too far, and as 
pi[)es will not penetrate hard ro(tk become contorted and 
buckle up. In order to .straighten them a tool like a 
plumbers soldering iron, called a round reamer, isiittached 
to the rope socket, and rapidly let down by tine rope, .so that* 
it falls with considerable force on the contorted pipe or 
pipes. It is also used for rounding the bore-hole should any 
little irregularities be occasioned by careless boring. 'There 
are many tools which come into play in connection with this 
system of boring, such as the “ spon ” u.sed for enlarging 
the hole around a fast tool, several other kinds of tools for 
enlarging the hole, a catch for clutching a broken rope, a 
tapering fron tube for bringing up unfastened tools, a 
tool for cutting the rope in the hole supposing the tools 
are^fast, and many others. 
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Wire rope has ^not been found to answer for drilling 
purposes, as it is not pliable enough to wind on the 
shaft of the bull-wheel, and to increase the diameter of 
jfche shaft would be to lose power. 

A set of tools in America costs about £60 for 
a 5J-inch diameter hole, and weighs about 18 cwt. 
They ar^ made in the stem of 2 J to 3 inches round 
iron, boxes and pins being of Norway iron. The bits 
and reamers are also made of Norway iron, with large 
steel tips. The jars are composed entirely of Norway 
iron. 

The following are the various lengths and weights 
of a set of drilling tools: — 

Uopt‘ jMjcket, weighs 80 ll>s. and is 3 ft. 6 in. long. 

Sinker bar, in. „ i>40 lbs. „ 18 ft. „ 

Jars, 5J in. „ 320 l]»s. „ 7 ft. 4 in. „ 

A nger-sUnii, 3J in.s. „ 1020 lbs. „ .30 ft. „ 

Hit, 5iin. „ 140 lbs. „ 3 ft. 3 in. „ 

ToUl . . 2100 lbs. 02 ft. I in. „ 

The round reamer for a 5^ -inch hole weighs 140 
lbs. The other tools and apparatus shown are, the 
ring socket (o), key or wrench (?), sand-pump (J and Jc), 
three-wijQg rope grab {/), and tubing with common 
coupling 

As to the rate of boring, 100 feet per diem of twenty- 
four hours has been done through new red sandstone 
at Haverton Hill, near Middlesbrough, blit the rate was 
slower when boring through shale or marl. 

The cost of drilling was about 8s. per foot, calculated 
over a 1000-feet bore-hole at Haverton Hill. 

To bore and line «vith tubing a hole 950 feet deep 
in the salt district, Havertdh Hill, South Durham, the 
diameter of the hole being 8 inches, took thre^ weeks, and 
cost £1950 (lining witL J-inch steel tubes), included^ in 
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the cost being the price of the engine hole plant, &c., this 
being the average calculated over several holes.* 

Among the advantages of this system may be cited 
the fact that a hole can be cleartnl of obstruction rapidly^ 
and ejisily in the case of oil or salt well, and that it is not 
necessary to remove the derrick and accompaniments, 
as they are used for pumping the oil or brine. 

This method has been used for boring for oil, salt, 
gas, water, and coal. In fact, during ten years, 1878- 
1888, no less than 30,000 oil-wells were put down l)y 
it, one hole in Wisconsin, U.S., being sunk to over 3700 
feet in search of mineral gas. 

The Keystone Core Drill is perhaps the most 
recent development of the American rope-drilling }>ro- 
ccss, and has this advantage, that water flushing is not 
necessary to its application, and as the core is protected 
by a non-revolving core barrel which continuously 
slips down over it as it is formed, preventing it 
from being broken and washed away, it is possible to 
obtain good cores when penetrating soft rocks. It is 
usual, however, to bore to the coal with an ordinary 
bit, then removing the bit and stem (but retaining 
the jars) to put on the core drill attachment^ in their 
place. • 

The core drill and core barrel are shown in Fig. 59. 
It will be observed that the core barrel projects out of 
• 

^ A remarkable record of rapid drilling, for the detuile of which 1 am in' 
dobted to Mr. 0. H, Matthews, was that done at the No. 3 oibwcll of the Cali- 
foriiia and New York Oil Company, Coalinga, California. The “rig” was Set 
up on Deoember 12, 1905, and tho well^completad to a depth of 147.3 feet by 
February 24, 1906. The diameters of the casing was as follows 


For 600 feet • . . 12*5 inches. 

Fflr 900 ^ . 10 

For 1240 Hu 

For 14 0 


The lO'ineb casing was afterwards drawn out and need at the No. 4 bole. 
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F|,q. 6!^.~ Keystone Cote Drill. ^ 

\. yioorjftck; 1 Cfiru extrarUir; S. IntemAftTid exienutl 4. Blt-bolder; 5. 

Wrench: & (Xtre-cHir, T. TvO'primg rupe-eprar nr grsb; K. Rope^ipear vtth pin; 
0. Horee'Shoe knife for cutting the roM wlwn the tools ger^t in tM hore-hole and 
the n>pe is nut liruhen. The Jan must be used with it and connected with the plpiog 
to the top of the hole ; Id. Hinker used with hiwse shoe knife and rope knife Jars ; 
IL Keystone core drill ; 12. Bide slot eomldnatlon socket for gettiiw hold of a roi^ 
scMtkot fw a pin ; 1$. Unse-shoe trip rope>knlfe ; 14. Jan ; IS. HaUdw bunner, rar 
* stctklng on top of roM>socket when tools are fast in a holt; Id. Honi*so(^et for 
drivuht over aa-tron tool cd tmoartain slse:«17. fWp-suolwt used for catehtng of a 
rope-sot^ cor the rMnd Irw of theahm tf brukwi; IK SpfiA lor llie 

m round a fast tool to looooa It. 
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the hollow stem and below the cutter fijr about 4 feet, that 
length representing the longest core that can be taken 
at one time. The core barrel is prevented from being 
lifted on the upstroke of the cutter by a heavy steel 
“knocking head'’ a, which fits loosely in the hollow* 
stem fc, and though it may have a tendency to turn 
about in unison with the stem and the cutter r, it 
cannot communicate this tendency to the core barrel r/, 
as between them is introduced a ball-bearing swivel 
joint e, which effectually prevents the core being twisted. 
The anti-friction rollers/ at this swivelled joint steady 
the weighing bar centrally within the hollow stem, and 
prevent the latter from lifting the core barrel by 
friction. The annular (jutter c is made of fine crucible 
steel. Two cutters and two bit gauges (Fig. 51)) arc 
furnished with the outfit, one for the outside and the 
other for the four inside teeth. 

The speed of drilling with this apparatus is said 
to be, for ten hours a day — 


For trap rock, granite, porphyry, s (o 15 h-ct imt 

Soaiwtones, water-shales, ^c. . . 7a to SO „ „ 

The entire stafi* consists of two men ; and the con- 
sumption of material amounts to about GOO lbs. of coal,* 
or one cord of wood, and eight to ten barrels of water 
per diem. The cost of a complete tool outfit is liiOO (£41, 
13s. 4d.), and includes the following (see Fig. 59) : — 


One 4pinch hy vacuum 
eand-piiuip. 

One suh top stem. 

One hollow stern. 

Two enters. 

Two core barrels. 

Two extraicore grips. 

One swivel head and weight 
bar. 


One core extractor, 

Thr^ wooden pusher’s. 

Five cure receivers. 

One internal and external hit 
• gayge. 

One bit hoMer. 

Two large wrenches. 

One small wrench. 
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The Employment of Water Current, and 
Recent Improvements in Boring.— A great trans- 
formation has ])een produced during the last twenty 
^years in the technique of boring, for though the employ- 
ment of the water current invented by Fauvelle goes 
back to 1845, it is only of late years that the systems of 
boring in which this mode of cleaning bore-holes is used, 
have been employed to great extent, and if they have 
not completely supplanted the old processes, they have at 
least made them lose much of their importance.^ 

The greater depth to which it is necessary to go 
in search for minerals necessitating greater rapidity — in 
the interests of economy — and sureness in execution, has 
done much to improve the appliances in this department 
of mining, especially on the Continent of Europe, from 
which of late years many important improvements have 
emanated. The Prussian Mining Law of 1805 no doubt 
gave a considerable impulse to invention, in the direction 
of accelerating boring oi)erations, for by this law was 
granted to the first discoverer of a mineral formation 
the sole right of working the deposit. 

The supercession of the old dry method of boring 
by the .water-flush, the introduction (from England) of 
*the diamond process, the invention of the rapid per- 
cussion systems with rigid rods and compensating springs, 
which have so largely replaced the free-fall apparatus, 
and, quite lately, the introduction of the hydraulic ram 
process, covers the history of modern boring processes. 

What is characteristic of all modern processes of 
boring is the employment 'of a continual water current, 
which, pumped down fo the l)ottom of the hole, rises to 
the surface again, carrying with it, owing to itk rapidity, 

1 For an able review of ibis subject the reader is referr^ to an article 
entitled ht» Mwl4im€a de Sondayt, by H. Armand Kenier, in the Httme 

VtUvtndU d€» Mnm, dt la^Murgie, Ac., January 1904. „ « 
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the sediment produced by the borings and so contributes 
greatly to the augmentation of the rapidity of l)oring, as 
expressed by the ratio of the total length of a hole to 
the time necessary to its entire execution. By the older 
methods of boring, the chisel exercises in the earlier 
stages the full effect of its blow ; but this elticiency 
gradually decreases, as on the bottom of the hole there 
is formed a more or less resisting and elastic be<l of 
sc<iiment hindering the progress of the tool. When the 
effect of the tool iKicomes very weak the hole has to be 
cleaned out, necessitating a considerable loss in boring 
time. 

It is in this rcspe(;t that the great advantage in the 
use of a current of water is evidenced, for as it continually 
washes away the sediment, the boring to(d, percussive 
or rotary, is being always applied on a bare rock surfac<^ 
— that is, with its greatest useful effect. There is another 
advantage, not at first perhaps apparent, which is secured 
by the use of this Hushing current important where 
boring percussivcly — the number of strokes per minute 
can be reduced, and it is possible to bore to a great depth 
without cessation. 

It is about twenty-two years since Baron ^^an Ert- 
born succeeded in boring 246 feet in thirty liours, without 
once drawing the trepan (chisel) ; but owing to recent 
improvements this figure hiis since been largely exceeded. 
In 1902 the Stxfiele Miniere H de Bonnc-Esph'ntwe 
deepened by 069 8 feet in twenty-four hours the boring 
of Meesw'ijck, which passed through alternating sands 
and clays, and the Internatiohal Bohrgesellschaft (Uaky) 
deepened by 727*22 feet the boring of the No. 26 Bolder- 
berg under the same conditions. These are, of course, 
very excepftional results, even for such soft strata as 
those penetrated. 

\foL. I. 
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Anotlier fact that contributes to th6 rapidity of 
execution is that the use of the water current allows of 
a reduction in the tubing operation, as it w^ashes away 
the fallings-in from the sides of the hole, which are some- 
times due to the pressure of the rock, and are sometimes 
caused by the beating of the rods against the side. In 
tlie older methods it was frequently necessary to carry 
the tubing well down as the liple proceeded, in order 
to prevent the latter being blocked up at the bottom. 
Another advantage secured — an indirect one — is the 
increased gain in the length of one section of hole, 
which in a given depth means that one is enabled to 
commence operations with a less diameter of hole than 
would be possible if the tubing had to quickly fol- 
low the boring, and so, in most instances, allows of the 
search for minerals being carried out to a greater depth 
than would be practicable by the older methods of pro- 
cedure. 

There is also greater facility of supervision, and the 
drill superintendent is enabled to judge far more fre- 
quently, from the character of the constant outflow of 
sediment, the nature of the strata that he is traversing 
than is possible when “dry-boring.*' 

Against the advantages has to be put the disadvan- 
tage— in some cases great — of having to procure a suffi- 
ciency of water. The writer has found this a matter of 
considerable difficulty \rhen using a diamond drill in 
some parts of South Africa, and one has in such cases 
to conserve the supply as much as possible by using 
the water over and over dgain, clarifying it by making 
use of settling ponds and decantation. 

If, in boring, a “ water-sheet" — as in the case of artesian 
wells— is encountered, a considerable spouting of water will 
ensue, and the hole be spontaneously cleared if the out- 
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flow is sufficiently strong, though 
in this case it might be necessary 
to put in tubing without much 
loss of time, tis otherwise, though 
rarely, subsidence of the hole may 
take place after some time. 

Where the piezomctrical level 
of a “water-sheet*' is lower than 
that of the ground being bored 
through, the injected water is 
more or less absorbed, and if 
cracks or joints in the strata are 
at all pronounced, a total loss will 
ensue, no water returning to the 
surface. The writer has experi- 
enced this difficulty, and overcome 
the same after a time by passing 
clay down the hollow rods with 
the injected water current, without 
having to resort to the tubing out 
of the hole. 

There are two ways in which 
the water current is made use of: — 

( 1 ) The first and most ordinary 
one, and that to which the above 
remarks refer, is where the current 
is injected through the tubes con- 
stituting the boring rods, and re- 
turns to the surface by way of the 
annular space between the^ods 
and the side of the hole (see^ 
Fig. CO, which represents s per- 
cussive boier). 



Fjo. 60.— PercuiMiivL* Drilling 
witii Water* flushing. 


(2) The second method is that in which the direction 
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of the current is reversed (Fig. 68), that is to say, the 
return current is through the interior of the boring tubes, 
and thus, as will be presently shown, has, in some cases, 
tjie advantage of greater velocity, and is enabled to carry 
to the surface sediment of greater density or volume than 
when used in the normal way. 

All boring arrangements using water-flushing are 
composed of — 

a. The driving apparatus. 

/>. The pump and connecting pipes. 

c. The rods and their connection with the lengthen- 

ing arrangement. 

d. The top of the tubing. 

i\ The injection water and exterior circuit, decanting 
basins, &c. 

(o) The driving apparatus will be considered under each 
separate method of boring. 

The pump is either a lifting or forcing one. Plunger- 
ram pum[)8 being most frequently used when the feed 
water is muddy. 

(h) The outflow from the pump varies with the 
diameter of the hole. In great borings it reaches 50 to 
100 gallons, and sometimes even exceeds 130 gallons, per 
' minute. 

The pumiang pressure varies with the depth and the 
diameter of the hole and nature of tlie sediment — from 
75 to 225 lbs. per square inch, in the majority of cases, 
at alwut 2000 feet in depth, and as high as 375 lbs. i^er 
square inch at from 3000 to 3300 feet.^ It is much less 
(30 to 90 lbs. per square Inch) in the reversed current 
method. In any case..a very large margin of pumping 
power should be allowed for *.8 an emergency — falling in 
of strata, jamming of the boring tool, &c., may at any time 

‘ VHe M. Renier in the Revue Unirenelle da Mina 1904), p. 47. 
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arise ; in fact, in Iwrings of any magnitude, one would 
be well advised in having a double pumping installation, 
if w^orked by steam the pump should, in case of accident 
to the latter, l>c supplied independently of the driving gear. 

The Conplhttf Armugement . — The (jonueetion of the 
pump to the bore-rods is through the medium of Hexible 
indiarubber hose, so as to allow of the movement of 
the rods, or, in the case of the reversed current, of the 
tubing. This part of the mechanism carries a metallic 
pressure gauge, and sometimes a safety-valve. By the 
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Types of Hollow Uorinp Hods. 


former any obstruction in the hole retarding the circuft 
of the current is indicated, and the latter prevents an 
abnormal and dangerous pressure being reached, though 
the indiarubber hose is in itself a safety-valve. 

(c) The Rods , — The rods are made of tubes drawn 
together by screwed couplings (see Figs. 61, 62, 63, ii). 
The inner wall, it will be Wiserved, is smooth in most 
cases, so as to offer as little obstsuction as possible to the 
injected current. Figs. 65«and 66 represent more compli- 
cated and expensive types, but they allow of the use of 
a simple screwing-up key, the shoulder preventing any 
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dipping of the same, when fastening or unfastening the 
rods ; the use of the conical screw greatly expedites the 
process of joining up the rods. 

. In very deep borings the rods have to be in sets of 
different diameters, thus diameters of 2, 1|, and inch 
is a common series for use in a deep hole with interior 
junction ofl^ and I inch. 

The length of rods on the Continent is usually 5 
metres (16 feet 4f inches). 

Junction of Rods to Water P{j)e. — The connecting 
medium of the rods with the hose must be such as will 
allow of the vertical movement and rotation of the rods ; 
the indiarubber hose allows of the vertical movement, and 
the swivel of the rotation. 

Fig. 67 illustrates one of the best types of swivel in 
use, which was designed by Verbunt and is known as the 
** Hollander.” It serves also as the suspension medium 
of the rods to the cable hook. The fixed part comprises 
two pieces, the curved part of the tube TT bound to the 
indiarubber hose C(/, and the vertical part passing into 
a stuffing-box, carried by the movable part XX screwed 
to the top of the last rod. The second fixed part being 
the ring A A suspended from the hook by two stirrup 
straps, and acting as a support for the movable part 
through the medium of a box of ball-bearings. Two rings, 
E and E, forming the nut and jamb-nut of the screw, 
secure a perfect connection of the ring A with the mov- 
able part XX. When the apparatus does not require to 
be hung the piece A is omitted. 

{d) The Head of the Tubing . — In the case of the 
normal current the head of the tubing does not call for 
particular mention. A plate \frith a central hole for the 
rods covers the top of the tubing, the diameter of the 
<^litral hole being slightly greater than the coupling piece 
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at the junction of the rods, the objeat being to prevent 
the fall of material into the hole. A lateral overflow is 
provided for directing the flow of the water current and 
slimes to the decanting ponds. 

When it is a case of using the reversed current the 



top of the tubing is sealed, the rods passing through the 
seal by means of a stuflSng-box (see Fig. 68). 

(e) T}ie Injection Water . — So long as it is not aci- 
dulated or ferruginous, the quality of the injection water 
is generally of little importance^ except that it is advis- 
able that it should be clear when it is a case of putting 
down an ^exploratory hole, in order that it may be possible 
to determine from the colour of the out-flowing current 
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the kind of rock bfing bored through. When prospect- 
ing soluble rocks, such as those containing potassium or 
soda, it would be necessary to use water saturated with 
chloride of magnesium or chloride of lime in order to 
obtain proper samples of the rock. 

Boring by Dredging.* — This method is only appli- 
cable to incoherent strata, such 
as sand and gravels. Sometimes 
the direction of the current is 
normal, as in the Danish method,^ 
but more often it is reversed, the 
rods being terminated by an auger 
which accentuates the action of 
the current of water. The arrange- 
ment is shown diagrammatically 
in Fig. 08. 

After the excavation of a 
shallow shaft, the first course of 
tubing is put in and provided 
with guides to assure the vertical 
direction of its descent. This tub- 
ing, .smooth on the outside, carries 
at the lower end a cutting shoe, 
the upper end being covered by a 
special cap. The rods, which are 

terminated by an auger and sus- 
1*10. (>8.-norinKr by OrcdKing. Cable, attached to a 

winch through the medium of a swivel, are rotated by a 
key or brace-head. 

'I’he water current, which has a considerable outflow 
force, is engulfed into the auger carrying with it the 

' This is the ** Sondos a dmgage of tho French, and the Spalschappc’* of 
the German Itorers. 

* This method only differs from that here described in the omission of the 
«uger and the difference in the direction of the current. 
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gravels and sands, and so causing the formation of a cone* 
shaped cavity at the bottom of the hole, the walls of which 
are continually falling in, and allow of the continual 
descent of the tubing: occasionally, the action of the 
current is accentuated by turning the boring tool. Force 
is applied to the tubing if it .stick.s in its descent, but if 
it cannot be moved down it will be necessary to put in 
a column of smaller diameter within it. 

The process is slow, and often carries with it a quick 
reduction of the diameter of the hole ; nevertheless it has 
often been successfully resorted to when [)enetrating upper 
beds of gravel or of loose substance containing fragments 
of rocks, wliich a boring chisel would only pulverise with 
great difficulty. 



Borin(; by Pkrcussion 

The Boring Chisel. —There are two kinds of boring 
tool used in the systems of percussion drilling, the chisel 
and the crown ; the for- 
mer, usually made of a 
single blade, is by far 
the most generally used. 

The injected water es- 
capes by two channels 
and dows over the cheeks 
of the chisel at a certain 
height above tlie cutting 
edge, or more rarely in 
the blade edge itself (see C, Fig. 69), though this seems 'a 
dangerous point for the outflow, owing to the ease with 
which the exit might be obstructed. In fissured rocks 
a cross-blaftJed tool is used. • 

The Cyclone Drill Company of America have 
an ingenious type of bit in use with their percussive 


■ 



Fhi. 09.— Jtorinjf Chmelh with Water 
Ciianueb. 
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drilling apparatus/ On either side of the shank of the 
bit is drilled a hole intersecting with one drilled down 
through the centre, and directly 
on top of the bit is placed a steel 
washer and ball, forming a valve, 
so that the action of rods and 
valve constitute a pump, the 
chips of rock as they are cut 
being drawn into the* bit and 
passed out through the discharge 
hose at the top, and the bottom 
of the hole kept clean (see Fig. 
70). 

Fauck's Boring Appara- 
tus. — It is the practice of some 
contractors to closely follow up the 
boring with the tubing in order to 

Fro. 70, -Cyclone Percussive Bit. prevent the possible 

falling in of the sides, but if the enlarging of 
the hole for this purpose is made a separate 
operation it brings with it a considerable in- 
crease in the time occupied in the completion 
of the boring. For this reason it is prcfer- 
* able to put the enlarging apparatus at a cer- 
tain height above the main penetrating chisel. 

Fig. 71 shows Fauck’s’ eccentric trepan, the 
use of which allows of doing without a separate 
enlarging process. The tool possesses a stepped 
blade of a size slightly inferior to the interior fig- 71. 
diameter of the tubing, anti a presser with ^ ® 

spring projects the bl^de, giving it an eccentric position, 

^ The two Austrian brothers, Herren ^bert and Morits Faock, have done much 
of recent years towards perfecting boring apparatus, and have patented several 
designs of driving mechanism and boring chisels. The arrangements described , 
above are these which, in the opinion of the anther, are the most elfecUve. 
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BO that the diameter of the bore is slightly in excess of 
the exterior diameter of the tubing, It is, however, 
better, if it is resolved to follow up the boring directly 
with the tubing, to use the crown Iwrer and reversed 


current (Fig. 72). This 
tubular bit is composed 
of three parts, namely, 
the bit proper (/:), the 
reamer carrier and 
the connecting piece (l\) 
to be screwed into the 
tubular rod. The bit 
is provided with radial 
cutting edges (n) and 
(n') formed on its face, 
the diametrically oppo- 
site edges (Fig. 73), 
being longer than the 
edges (»/) in order to 
prevent jamming of the 
bit. The reamer (i\) has 
reaming blades (o) (Figs. 
71 and 74) pivoted in 
suitable recesses in its 
sides. The headed pins 
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(o,) bear against shoulders (o,) on the bosses of the blades 


(o), and under* action of coiled springs (o,) abutting 
against the screw plugs (oj, by which the bosses (oj con- 
taining the pins (Oj) are closed ; these pins cause the 
blades to swing outward, and ^hen the drill is withdrawn 
from the hole they fold against tb» reamer carrier (k) as 
soon as they meet the bottom edge of the tubing {</). 

Fauck’s ’improved “rig,” patented towards the close 
of the year 1900, is shown in Figs. 75, 76. By means of 
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this mechanism, tiie percussion drill secured to the rods is 
alternately raised and allowed to drop again, a number of 
blows of short stroke being executed in rapid succession. 

. The “ rig ” is provided with a double driving gear, namely, 
a walking-beam and an eccentric shaft, upon which is 
loosely mounted a grooved pulley working in a bight of 
the suspension rope of the drill. As the rope runs to 
this pulley downward from a fixed point, and afterwards 
upward to a guide pulley arranged before the end of the 



r 

walkiiig-bea\p, the stroke of the drill is double the throw 
of the eccentric, but as the walking-beam swings, this 
double stroke is increased by nearly twice the stroke of 
the walking-beam. The weight of the rods is balanced by 
springs acting upon the walking-beam and the eccentric 
shaft Originally an encased free-fall arrangement, of 
the Fabian type, was used’, but has l)een almost entirely 
abandoned in favoua of springs. This later develop- 
ment consists of an elastic suspension coupled with 
rapidity of stroke, so that the suspension*^ rods, kept 
just in a state of tension, spri^ig up after delivery of the 
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blow, and before they feel the effects of the shock. The 
number of strokes varies according to the depth of the 
hole, from GO to 120 per minute. When at rest the 
trepan or chisel will just not touch the bottom of the 
hole, but when the rapidity of stroke reaches a certain * 
point it beats the rockhead with every stroke, hence the 
necessity for the rapidity of reciprocation. 



In the sectional side elevation of the rig (Fig. 75), 
the eccentric shaft ((c) has loosely mounted thereon a 
brushing (t), upon which is loosely mounted the grooved 
pulley (c). The rope (d), by preference a flat one, comes 
from the reel (c), whose shaft (/) eyries the toothed-wheel 
(g) gearing with the toothed-wheel {([/) mounted on the 
shaft (A), which has also secured to it a worm-wheel {{) 
gearing with the worm (y), by means of which the roj)e 
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can be paid out or drawn in according to requirement ; 
(1) is the walking-beam, (m) the second guide pulley. 
Tlie stroke can be altered at will, there being three 
different bearings provided, (k) is a guide pulley mounted 
* on the shaft (o) of the walking-beam, (ss) are volute 
springs enclosed in tubes (tt) which, by means of the 
hand-wlieels (% a'), can be put in tension. It will be seen 
that when the walking-beam is working, the pulley (m) 
in moving upward also acts upon the parts of the rope in 
front and rear of it, and thereby again increases the lift of 
the drill by nearly twice the stroke of the walking-beam. 

Now,. l)y other boring operations, having for their 
object the securing of a core, it is necessary from time to 
time to withdraw the rods to obtain the same, occasioning 
thereby much waste of time and labour. According, how- 
ever, to Ilerr Albert Fauck’s invention of 1898, this is 
avoided. lie noticed that when core-boring with per- 
cussion drills, the core gradually assumed a conical shape, 
in conseiiuence of the wear of the inner surface of the 
tubular bit, and that if the worn bit was replaced by 
a fresh one, having the normal inner diameter, the bit 
got jammed upon the core, and afterwards the core 
was torn off by it, and this method of extraction he 
i now carries out in regular practice. 

In Fig, 76 it will be observed that the rope D is con- 
nected by means of the stirrup to the tubular drill-rod 
I, which enters the tubing J through the, stuffing-box J^, 
made integral with the cap Jg, which is screwed upon the 
top section of the tubing in order to tightly close it. 
This cap is provided with e nozzle J, to be coupled with 
the hose L, through which a stream of water is forced 
down the tubing or casing ^of the hole, and* ascending 
through the tubular bit and rods, carries along^with it the 
sections of the core, which are prevented from clogging 
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by the continuous shaking of bit and rojb». The vessel M 


receives the por- 
tions of the core 
so carried up, and 
the liose L carrie.s 
off the water. When 
not forcing up a core 
the water passes 
down the rods in 
the usual way, the 
bottom of the hole 
being constantly 
flushed. The type 
of water swivel 
used with this aj)- 
paratus is shown 
in Fig. 77 , 

Herr Fauck's 
system of boring, 
known as the 
“Rapid,” is the 
property of Trauzl 
and Co. of Vienna, 
and has Ijeen ex- 
tensively used in 
Galicia, Austria- 
Hungary, Russia, 
&c., both in boring 
for coal and petro- 
leum, at depths up 
to 2638 feet, and, 
which is • remark- 
able, up to^^ 1048 



feet with hand bor- 76.~Fauck'. Boring Apparatu«. 
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ing. The numbei; of strokes, which can be made as short 
as I inch, are capable of being increased to 250 per 
minute, and the average rate of ad- 
vancement varies from 46 to 65 feet 
per twenty -four hours, and in unusual 
cases has attained 98| feet, though 
these rates would be much diminislied 
if the descent of the tubing was made 
simultaneous witli the boring, necessi- 
tating, as this would, the use of the 
enlarging tool. 

The Reinpreussen Apparatus, 

patented by Trauzl & Co. (1898), has 
achieved remarkable results. Jn this 
apparatus the reciprocating movement 
of the cable is realised by the oscilla- 
tion of the drum and winch, on which 
it is directly rolled (Figs. 78 and 79). 
To effect this the rotating motion of 
the arm worked by a strap from the 
Kio. 77.- The 'j’raiui “ locomobilc ” E is transformed into an 

WaUT Swivel. ti. i.* i. i 1 • 

alternating movement by a mechanism 
composed of the connecting rod r/i of the lever /, 
and the connecting rod K. In order to allow of the 
winding of the cord and permit of the progress of 
boring, the connecting rod indirectly works the drum. 
It commands the collar B lying against an endless 
screw A, which works into the helical gear r fixed 
on the drum, and moving in a cavity arranged in the 
collar. The rotation of the drum can therefore be pro- 
duced independently. of the collar, and the rods raised 
and lowered. An arrangement whereby the rods are 
counter-balanced and the impeller assisted is shown : the 
collar B is worked by the rods of a plunger-piston K, 





'Plan of the Reinpreaseen Boring Engine. 
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moving in the cyluider C, the pressure on the piston is 
regulated at will from the steam from the boiler. The 
collar consists of two pieces, and, opening it, the screw 
A is joined to the helical wheel r. The drum worked 
by the one or the other of the gearings acts then as a 
winch. 

In the northern end of the Ruhr coalfields, in the 
neighbourhood of Recklinghausen, two holes were put 
down, one to a depth of 1640 and the other to 1968 feet. 



In one of these the average rate of boring was 106 feet, 
o and in tne other 157 feet, per twenty-four hours. 

The Raky System of Boring.— This system of 
boring has gained great repute from the remarkable re- 
sults which it has furnished.' By it was sunk the deepest 
bore-hole in Belgium, viz. that at Gheel, No. 35, w’hich 
attained a depth of 4071 feet. 

Figures published at the time of the Dusseldorf Exhi- 
. bition (in 1902) show^ the following : ® — 

) For an admirable aceWnt o! this .aysteni of ^ring see the article in the 
Jttvne tViwrwWr d«t Minet, July 1896, by M. Martin Buhrbauck, entitled Note 
ear h d€ $ondage du Syitim€ Raky. ' 

* The meaanrementa, which were given in metres, have been converted into feet. 
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Table XVIII. • 


] ('onntry. 

: No.o( 

1 R<iriii|n. 

1 

: Avuraat* iHiily . 

J ill 

Avemge 
Raleuf 
)k>riug ill 
Fuft. 

i MaKiinuni 
AtUiiiLil in 
Keel. 

! 

in K«ct. i 

i 

1 Wi»tphalia . . 


! Xi to 11(4 

7ui 

im 

1414to:i876 

> Alsace -Ixirmine. 

i 

2(JJ .. 

41J 

' lot 

722 3284 ' 

! Belgium . . . 

i ^ 

.041 „ I2<4 

82 

:»;oj 

I.'ilfi „ 28.34 


i 


The value of these figures/ however, is somewhat de- 
preciated hy the fact that both })crcussive aud rotary i)oring 
were employed, the latter always the slowest, and no dis- 
tin(‘tion was made when noting the rates of progression. 

Fig. 80 represents the surface part of the appa- 
ratus, which is all that calls for description. B is the 
walking-beam suspended by a frame at the cross-pie(^e 0, 
which is itself supported by the two rods TT inversely 
screwed at their upper ends, and resting by the nuts H 
on the movable cross-beam or breast-summer M, between 
which and a second cross-beam N which rests on the frame- 
work are a series of .strong steel spiral springs (HO to 40) 
R, which render the bearing elastic, 'fhe boring rods 
made of 2-inch Mannesmann tubing in 5 m. (10 feet 5 
inches) lengths, are held by the keys K and K', wfiich rest 
on the walking-beam by a joined plate />, antf their weight 
is counterbalanced to some extent by the weight h. 
'riie point of application of the connecting rod is near 
6, the oscillation given by it being amplified by the 
springs. For the system to be effective, however, there 
should be a rather considerable weight of rods at work. 

The gradual lowering of the |;od8 as the work of 

* Aocordic^ to M. Habets, Pfo/««eit§ la PaealU^Twhnique in the University 
of Lyge, 18 to 20 m. of boring per twenty-four hours is ostial in borings of 400 m. 
depth, through^shaft strata, but this is reduced to 7 m. in coal measure rooks, 
and average does not exceed 2*50 m. In bard sandstone. 
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boring proceeds, is*mdde by the aid of the keys ('which 
are shown in Figs. 81 and 82). The gland in which the 
clamp turns is provided with cheeks and screws for fixing 
the rods in any position, and a handle to the clamp 
enables the foreman to turn the bits round. The lowering 
of the rods, without stopping the boring, is carried out 
in the following manner. Each key is composed of two 
similar parts held by a joint on the one hand, and by a 
closing device on the other. Each of these parts is com- 
posed of a support, and a jaw 7ii moving in that support, 
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the movement of the jaw being governed by the lever t, 
through the medium of a screwed rod, as shown. Now 
the threads of the screw of the jaws are contrary, so that, 
if the clamp be locked, a rotating movement in the 
same direction given to both levers has the effect of 
withdrawing or approaching the two jambs. The clamp 
being locked on the bore-'rod, a short quick movement 
suffices to loosen it. '^he clamps are at right angles, the 
upper one differing from ther. lower one in that it carries 
in four cylindrical cavities in the support four small 
rods r, with pistons working against springs (see Fig. 82, 
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which represents a section in which the upper clamp & 
omitted for the sake of clearness). The studs or pins 
project for a distance of 1 to 2 c.m., and when the hit is 


C 0 



to be lowered a little, all that is necessary is, the lower 
clamp being locked, to lock the upper clamp which is 
held up l)y the studs, then releasing the lowTr clamp the 

I 


J 



ria. Clamp used in lowering Rodft with Raky Drill (Seotion). 

weight of the boring rods beSrs on the springs and com- 
presses them, bringing the two clapfps into closer contact ; 
the lower *clamp is then leaked, and the upper one re- 
leased, and at once rises owing to the expansion of the 
springs by from 1 to 2 ^.m. The handles serve also as 
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brace-heads for ttfrning the rods. They can, however, 
only be employed for the smooth part of the rods. For 
the passage of the screw joints the following contrivance 
is resorted to. The top of a rod having reached the 
clamps, the rods T (Fig. 80) which support the cross- 
piece 0 arc simultaneously lengthened by the rotation of 
the handle wi, the endless screw V governing the rotation 
in a contrary direction of the nuts E, so producing the 
lengthening of the rods T. After sufficient advancement 
this is stopped, the rods are suspended by the winch 
cable, the clamp relieved refixed above the screw joint, 
the walking-beam raised, and the boring proceeded with. 

When it is necessary to raise the column of rods, the 
walking-beam is slid back into the frame. 

It must be remembered that actual boring does not 
commence until the springs against which the walking- 
beam acts have been put into a state of oscillation. The 
contact of chisel with the rock -head is of extremely short 
duration, which allows of a great number of strokes per 
minute — 80 as against 30 with rigid rods witli free-fall, 
and 60 in the Canadian method. 

In the year 1896,' in a boring for petroleum at Gun- 
stell, in,^ Alsace, twenty -six working days were occupied 
in erecting the plant, and 332 hours were absorbed in 
actual boring to a depth of 1304 feet 6 inches, and it 
took 91 hours to tube out the bore-hole. The speed, 
therefore, of the boring w^as nearly 4 feet per hour, and 
the cost, including wages, repairs, material, and transport, 
but no capital charges, was about 3s. 4d. per foot. 

The Vogt Systeixt of Boring, patented in 
Germany in 1897, is w^ery similar to the Raky, the chief 
point of difference being the* somewhat altered arrange- 
ment of the walking-beam springs. 

' OtUchau/f 1H96, voj. pp. 225-232. 

V 
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Other Continental systems are the Verhunt^ in which 
there are no springs, patented in Germany in 1902, and 
the Hackenhurg, which differs largely from those already 
described, but, as it does not allow of counterbalancing the 
rods, is not under ordinary conditions effective below 300 to 
350 ra., though remarkable results have been obtained in 
penetrating Tertiary rocks, holes having been advanced by 
more than 328 feet (100 m.) in twenty-four hours. The ap- 
paratus is, however, complicated and difficult to supervise. 

Boring by Hydraulic Shock.— Although in the 
majority of cases, where boring is performed through 
the medium of rods, the great weight of the rods is 
counterbalanced to greater or less extent, yet the 
putting into motion of the mass necessitates a consider- 
able expenditure of energy, which is largely lost, being 
chiefly absorbed by the friction due to the rods rubbing 
against the sides of the hole, which has the effect also of 
weakening the lateral support of the hole. Furthermore, 
the importance of the masses in motion limits the rapidity 
of the stroke, whereon depends the useful effect of the 
boring apparatus, and the vibration of the rods tends in 
the long run to produce their rupture. In hydraulic-ram 
boring, however, the hollow rods or tubes beii^ station- 
ary, except for the turning movement and occasionaF 
lengthening of the rods, they suffer little or no shock. 

The Wolski and the Frieh Boring Apparatus. 
— This appar&tus, the property of the German Deep 
Boring Company of Nordhausen {Deutsche Tiejhohr- 
Aktmigesellschaft), and shown by them at the Li^ge 
Exhibition of 1905, is w<frked on the hydraulic-ram 
principle, a number of borings Ij^'ing been executed by 
it with very satisfactory results. 

The principal parts of the apparatus are illustrated 
in Figs. 84 and 85. 
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Herr Wolski' explains the action of his boring-ram 
by Fig. 83 . A stream of water being sent by the pump 
through the tubes will at first rush out freely through 
the open valve W. But when the stream has attained 
a certain velocity it will exercise such a pressure on the 
valve plate from above that the resistance 
offered by the spring will be overcome and 
the plate be thrown with force against its 
seat, the column of water in the tubes V 
will be suddenly stopped and the tool 
driven down by the shock compressing the 
spring Z. On the exhaustion of the kinetic 
energy of the water column by the work 
done a reaction follows, the buffer springs 
Z again expanding the column of water is 
thrown back in the tubes V, and the pres- 
sure of the pump (or the air contained in 
the air vessel) is for a moment neutralised, 
the valve plate opens, the bottom of the 
hole rinsed out, and the action of sudden 
compression again repeated. 

One valve plate, one piston, and two 
springs constitute the only movable parts, 
and for narrower dimensions of hole a single 
elastic steel-lamina (similar to the tongue 
of a reed pipe) may be substituted for the 
Fi«. 83 .~T)iagram valvc plate and valve spring. 

SwAotiSHy^. The effective pressure working the pis- 
4cattUo Boring. Cutting tool is uot the pressure 

^used by the pump, but the five or ten times greater 
pressure of the water ohock ; its surface can be made five 
or ten times smaller, which go-js far to solve the’ difficulty 
the narrow width necessary in deep borings. 

» ” The Hydraulic Ram-BoriDg Apfparatae/' by W. Woleki. 
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A piston 3*1 square inches (20 srp cm.), l*9C85 inch 
(50 mm.) diameter, gives an effective pressure of as much 
as 4409*2 to 8818*4 lbs. (2000 to 4000 kgs.). 

In a boring apparatus using moving rods the mass 
striking the bottom of the bore-Iiole with small velocity 
is 1100 to 3300 lbs., whereas with the hydraulically trans- 
mitted force the weight of the moving mass is only from 
about G6 to 1 54 lbs., but the rapidity of stroke is very great. 

The two factors* that govern the force of the chisel 
blows are the valve adjustment — as the velocity of the 
water at the moment of shutting the valve is identical 
with the stroke velocity of the column and so determines 
the pressure of the piston — and the length of the striking 
column, which defines the duration of the pressure acting 
on the piston. The latter is determined by the distance 
between the striking-tool and the air-vessel, for tlie air- 
vessel constitutes an elastic part yielding to pressure, 
and so forms an interruption in the column of water of 
homogeneous elasticity, causing a reflection of the waves 
of compression. 

Fig. 84 represents the arrangement of the deep-boring 
ram. The valve seat is a steel cylinder with a central 
hole and a row of parallel holes around it, all ;)f which 
are simultaneously shut (or opened) by ^ thin clastic * 
steel-plate ring. The valve spring works in a cylindrical 
widened groove of the valve seat ; its effect can be 
strengthened of weakened by putting under it thin steel- 
plate rings of various thicknesses. A short central tube 
acts as guide for the valve plate, and two displaceable 
check notes on it form its up^er stop. 

The valve being open the w^tfer flows through the 
row of hofes, through the ntantle tube and the bore -shoe 

’ Herr W. Wolski, jn his paper on the “Hydraulic Ram-Boring Apparatus.** 
coiii|deii the subject rery clearly f«o " : matbemat’'"*’ 
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to the chisel, and •clearing the bottom of the hole, rises 
to the surface again. When the valve is closed the 
pressure of the water shock is spread through the valve- 
guiding tube into the working cylinder, a tube of chilled 
steel, in which the piston plays. 

The bit is an eccentric step chisel attached to the 
piston-rod by a ball and socket joint to obviate shaking, 
the cylindrical part being guided by four ledges in the 
interior of the cast-steel bore-shoe, its Hat part playing 
in a slit of the bore-shoe. 

The back-lifting springs rest on the bore-shoe and 
press with their upper part, by means of a short bit of 
tube, against the piston. If, therefore, it is desired 
to draw out, examine, or change any of the parts con- 
nected with the chisel or the piston or its leather pack- 
ing, all that is necessary is to unscrew the bore-shoe. 
The screw joints throughout are conical, and the stroke- 
tube, witli its thick walls, is also composed of parts with 
conical screw joints, and has a total length of 10 to 20 
metres (32*81 to 75*62 feet). 

Fig. 85 shows the most approved form of air-vessel. 
The wall of the tube is perforated by a great number of 
very small holes A, which are covered by an indiarubber 
hose B fastened at both ends, the whole being contained 
in a steel tube C hermetically closed at both ends. 
Air is pressed into the space between the steel mouth 
and the hose by means of a small valve* D to a certain 
pressure. During boring the hydraulic pressure (hydraulic 
pump pressure) and the pressure of the inclosed air 
act and re-act against each other, the indiarubber now 
expanding and now %)ntracting, constitutes the elastic 
separation betw^een the air aiM the water space. 

If cores are desired they can be obtained by using 
striking crown in place of a chisel, and some ojher 



I^TCR DEVELOPMENl'S IN 


BORIIiG 



(\ntml h>rc 
J ’alve plate 
Parallel holnt 

li 


Varalh l hde^ 


Piitftnt roil 
Tithe to irhirh 
iipn‘mj.< air attavheil 


Jliu k-hft hiif Kpriti ijK 


Ball-anal -m-hrt joint. 


Flo. 84.— Th« rrieh Hjrdrmttlic 
Boring Apf>anitu& 


j 

j 



I 


Pig. 85 .— Air'vesHel qf. tko Prioh 
Hjdmiilic^ring Apparftiii|. * 


140 ^ MODERN PRACTICE tN MINING 

slight modifications, such as a fixed central core tube of 
considerable length. 

The rapidity of blow attains to 12 strokes per second 
with the Howarth and Wolski motors, and from 80 to 
100 strokes Pruszkowskfs motor. ^ 

In some trials made on blocks of hard sandstone 
the Wolski apparatus bored *65 metres (2 feet inches) 
per hour under a pressure of 12 atmospheres, and with 
a water consumption of 5 litres (about 1 gallons) per 
second, the diameter being 8 inches. In soft sandstone 
the rate was 7 metres (22 feet 1| inches), which are 
very remarkable results. 


Rotary Boring 

Rotary boring apparati are composed of three prin- 
cipal parts : — 

1. The driving gear. 

2. The rods. 

3. The drilling apparatus. 

The rotation of a crown attached to the bottom of 
the hollow rods acting by attrition wears away or cuts 
an annular hole in the rocks, and so forms a central 
« core over which the hollow boring-rods pass, and which 
is ultimately broken off, being retained in the core barrel 
intervening between the cutting crown and the rods, and 
is brought to the surface when the rods are raised. 

The great advantages that rotary boring processes 
possess over the percussive methods are, that the crown 
being continually applied i& cutting, the driving force is 
more economically utilised than in boring by percussion, 
and (undoubtedly the ch*ief advantage) that when penetrat- 
ing compact strata the rotary systems provide^ as cores, 

1 Univef$tU« iftMi, Ja&UMty 1904* p. JS. 
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very complete sections of the rocks penetrated, these cores 
being far superior both in respect to the proportion of 
rock obtained and as to continuity of operation, to those 
which the annular trepan gives in the percussive methods. 
In the earlier stages of the rotary systems considerable 
loss of cores was occasioned, owing to the inefticient 
retaining apparatus, but this has been so perfected as 
to practically obviate such loss when boring in fairly 
firm strata ; but when passing through shaley rocks 
or marls, which easily disintegrate, it is seldom that 
any l)ut a small proportion of the actual section is 
retained as core, so that although when boring through 
hard and highly siliceous rocks the internal diameter of 
the crown may be very small, wlmn penetrating rocks of 
a softer nature the larger the diameter the higher will 
be the percentage of core obtained. In fact, it has been 
estimated that this cohesiveness of the rock is propor- 
tional to the S(juare of the diameter of the core. For 
this reason it is seldom advisable to make a hole of 
less than 8 iindies diameter when boring in coal measures. 
The three commonest ways of boring by rotation are 
with — 

(1) The diamond borer. 

(2) The serrated steel crown borer (Davis calyx • 
system). 

(3) With chilled steel shot. 

The use ofc the diamond was first successfully used 
for drilling purposes by M. Ije.schot, a French engineer, 
for making blasting-holes in the St. Gothard Tunnel, aifd 
the type of crown which he then made use of has been 
little altered since. • 

The Diamond Drill^The* gteat advantage this 
drill possesses over others is that it drills a sm 9 oth hole 
in a vertical, on inclined direction, and provides, at the 
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same time, a morg or less complete section, as a' core, 
of the strata penetrated. The drill consists of a column 
of hollow iron or steel rods screwed together, in the 
American and English patterns, usually in 5 or 10 feet 
lengths, and in continental practice usually in lengths 
of 5 metres, rotated by an engine through a shaft and 
gearing, and fed forward either by gravity, screw, or 
hydraulic action. At the lower end of the rods is 
placed the bit or “crown” (Fig. 86) studded with black 
diamonds (borz, Imri, carbonatos, or carbons). A current 
of water forced down through the hollow rods washes 
away the sediment and keeps the diamonds cool, which, 
as the crown is usually rotated at a rate of from 90 to 1*25 
revolutions per minute,’ is very necessary. At intervals, 
usually after drilling 10 feet, the rods are withdrawn 
by means of the hoisting winch, and the core extracted 
from the core barrel. 

Fig. 87 illustrates the form of drill commonly adopted. 
On the (’ontinent, especially in (lerrnany, the diameter 
of the crown varying between 12 to 17 inches, whilst in 
the American and British patterns the former figure 
often constitutes a maximum. The number of diamonds 
is usually six in crowns of 2 inches diameter, and eight 
• in sizes* of 8, 4, and 5 inches, whereas from ten to 
twelve are uled in 7*inch crowns. 

The circulation of the water through the crown is 
facilitated by three to eight grooves chaiinelled in the 
interior as well as the exterior surface. The crown, which 
always only a few inches in height, is screwed into the 
core barrel, of which the oxterior diameter is slightly 
less than that of th§ crown, in order to facilitate the 
passage of the water current ^nd the mud, and "its length 
is generally from 20 to 30 feet, though it is seldom that 

* And sometimes even as high as ZSO revolutions per.minute. 
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it is possible to continuously bore tjiis depth. It is 
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given this length jn order that it may serve as a guide 
to the borer and assure the rectitude of the hole. 

Between the core barrel and the crown is placed the 
arrangement for holding the core ; it usually consists of 
a split or expanding ring working on a conical seat, as 
in Fig. 87, and 4, 5 and G, Fig. 88. So long as the 



Klu. HH.— TypCH of SulUvow Core-liftcrK or Holders. 

1. Bevel core-shell ; 2. Straight core-shell ; 3. Special shell and 
wire-spring coro lifter; 4. "Cossette'’ core-lifter; 6. Sheet 
stool core-shell; G. Standard “split ring.” 

cutting tool is pressed against the bottom of the hole 
and the core is passing up the core barrel, the position 
of the split ring is in the l^ger diameter of the seat, but 
when the rods are raised the ring is pressed down and, 
contracting, holds the tore fast (Fig. 86). Thci-ods which 
are attached to the core barrel through the medium of 
a reducing piece are of a diameter usually less than in 
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those cases where hollow rods arc used in percussive 
boring, as they are not sul)jected to the same shock or 
vibratory action. They terminate in a swivel, which also 
sometimes serves as the junction with the suspension 
cable (see Fig. 87, and (4), Fig. 89). 

British and American Types of Drill— Figs. 
90 and 91 represent the surface plant of the American 



Fio 89. • 

1. Comnion walcr «\vivM‘l with stfaiu lul)ri^a^or^ ; 2. Coiunion water 
swivf'l ; .'t. Improvefl ball-bearing w'ntor swivel; 4. Special 
combiner] wat-er swivel and hoisting plug. 

• 

(Sullivan) type of drill, that shown in Fig. 91 being 
capable of drilling to a depth of 3000 feet, and giving i 
core fg inches diameter, is vwy largely used all over the 
world. This drill has bored a hole 3350 feet deep without 
it being fotind necessary to ^unterbalance the rods. 

In theAype shown in Fig. 91, the advance o/ feed of 
the r^s is secured through the medium of a single cylinder 
VOU t * K 
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hydraillic piston, the action of which is^madc clear by the 



Fio. 91.*. 


Sullivan Dianioud Core-drill with Hydraulic Feed. Capacity 
HOOO feet ; diameter of core, .If inchea. 
cylinder* ; B, Hydraulic feed ; t\ iirllJ r»jd • D Cltuck ■ K Bevel wheel 


sectional sketch, Fig. 92, In this, A is a hydraulic cylinder. 
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in which moves the* piston 
B, attached to the piston 
rod C. E represents a tee 
by which connection is 
made with the pump on 
the right-hand side, E on 
the left-hand side being 
the water - escape, the 
water being let in and 
out through ports and the 
brass tubes F. 1 and 2 are 
inlet valves, 3 and 4 being 
outlet valves. When 1 and 
3 are open, 2 and 4 being 
closed, water is pumped in 
above the piston and es- 
capes from below it, so the 
piston will move down- 
ward ; when 2 and 4 are 
open and 1 and 3 closed, 
the reverse is the case. 
By closing 3 the . feed is 
instantiy stopped. G is 
the thrust-plate to which 
the upper end of the pis- 
ton rod is screwed, H 
being another thrust-plate 
connected to the former by 
jmeans of studs. Between 
these plates are, on each 
side of the collar, two sets 
of friction-ball* roller bear- 
m. 91— Sj^u^ai^view of Sickle ings I of the drivc rod J. 

It is through this collar 





sw of Sioffle ^ 
HydiHinUo Feed UeobandeilD. 
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that the vertical motion of the hydraulic piston is trans- 
mitted to the drilling bit. The rod J is driven by the 
mitre gear K. The boring-rods ptisa up through the 
drive rod to which they are clamped by the chuck L 
screwed into the bottom of the drive rod. The rotat- 
ing drive rod moves freely through the mitre gear, 
the feathers of the latter sliding in grooves in the 
former. By means of the hydraulic apparatus the feed 
may be increased, diminished, or reversed, wliile the 
drill is running. All shock, such as would oc(*ur, for 
instance, w'ere a cavity struck, is prevented. Jh’essure 
gauges on the supply and discharge pipes indicate the 
variations in the pressure on the bit. 

The hydraulic feed is best adapted when the boring 
is through soft as compared with hard samlstone, so the 
screw or friction feed has been designed to meet cases 
where a positive uniform rate of advance, regardless of the 
hardness of the rock, is desired. It (consists of a system of 
^difi’erential gearing, w'hich is fri(*tion driven. The motion 
tfrom the spindle of the drill (G, Fig. 90) is communicated 
in the following manner. EEjE.^ are connected with the 
bevel wheel C, so that wdien it rotates they move in like 
manner. The geftred wheels FFiFj are loose upon the 
countershaft H, but any one of these can be/ixed fast by 
putting the clutch I into action. J is a toothed wheel fixed 
to the bottom of a feed nut K through which the feed 
screw B works, * 8 o that when J is rotated it causes C to 
move upwards or downwards according to the direction 
of rotetion, and L is a similar wheel to J, into which it 
works. 

In feeding, that is to say, when one of the toothed 
wheels^Fi or P* is clutched^ay, F~E rotates F which 
toms I 4 , which works J, and so operates the screw feed. 

have a few more teeth than FF,Fj, a single 
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FlO. ^.—Sullivan Hand-power Diamond Drill with ScrewVriction 
Feed. Capacity, 330 feet ; diameter of coreH}|tbs inch. 


LATER DEVEJiOPMENrrS IS BORING U1 

revolution of E will cause F to majce more than one 
rotation, so that J will also rotate faster than B, and B 
will slowly descend. By means of this system a positive 
and uniform rate of advance, ranging in different machines 
from 5 V to of an inch to each revolution of the bit 
can be given. In the illustration it will be observed that 
three different rates of advance are possible. M is a 
thrust indicator, a gauge which is graduated up to 5000 
lbs., and shows the amount of pressure exerted on the bit, 
so enabling the boring superintendent to determine when 
the drill passes from stratum to stratum of varying degrees 
of hardness. N represents the drum of the hoisting 
apparatus, round which passes a steel w ire rope for raising 
the full weight of the rods. This drum, which is con- 
trolled by means of a powerful wood-lined brake, operated 
by a hand lever and screw or cam, and adjustable for 
wear, is capable of being easily put in and out of gear. 

Figs. 87, 90, 91 show steam-driven drills, and Fig. 93 
a hand-worked drill, the latter for boring to shallow 
depths. Electricity, compressed air, or gas-engines are 
also sometimes used for driving diamond drills. 

The capital cost of the drills wuald be about as 
follows : — • 

Sullivan lmj)rov(xl^ Class Fig. 91, capable of« 
boring a f J inch diameter hole to a depth* of 3000 feet, 
and giving a core Ig inch diameter. Requiring 15 horse- 
power to drive the drill, with hydraulic feed, would cost in 
America, with partial equipment, about £583. 

Hand-power Bravo'* Type, Fig. 93, capable 
of drilling to a depth of 354) feet a 1 inch hole, and 
giving a core inch diameter jvith screw feed, costs 
in Amerida about £83. 

The Sullivan Company have designed thejngenious 
device illustrated in Fig. 94 for protecting the core, when 
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passing through such soft material asnsoal, from the de- 
nuding action of the water current, and the constant 
rubbing of the rotating core-barrel. It consists of a 
double casing ; the outer one being attached to the drill 
rods, rotates with them, <;arrying with it the diamond 
crown and the core lifter, whilst the inner easing being 
suspended on ball-bearings remains stationary ; the core 
therefore is protected from constant rubbing, and the 
water is conveyed to the bottom of the liole through 
the channel between the two casings. 

Fig. 95 explains the several stages of setting ” a 
diamond bit : 1 is the blank bit, the positions to be 
occupied by the carbons being sliown marked of}' on 2 ; 
in this case there are eight equal divisions, tf. Having 
marked of}‘ the positions, suppose it is intended to set an 
outer diamond, a hole z is bored in from tlic side of the 
bit with a breast-bit, and a seat for the diamond carefully 
cut out with a small chisel as in ; the cavity being 
correctly formed, the carbon is placed snugly in it (4), 
and by means of caulking-cliisels and dull-pointed punclies 
the metal is drawn up round it by making a cut about 
I inch distant, on either side of the stone, and then 
caulking with the dull-pointed punch. Care yiust be 
taken not to hit the diamond, for though it v^ill withstand 
very considerable pressure, a slight blow will shatter it. 
Copper is sometimes used for caulking up the stone. The 
amount of clearance necessary varies with the character 
of the rock; for boring through hard siliceous strata a 
clearance of inch on each stone will suffice, but or 
more is necessary in the case*of soft rocks. The stones 
being set, the water grooves, sho\^if in 6, are cut across 
the face an3 down the innermnd outer sides of the bit. 

Remarkable results have been obtained by diamond 
drills ; the Class P '' Sullivan Drill, the rated capacity of 




Fig, 95. — A Diamond Bit in the several Stages of being ** Set.” 
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which' is 4000 feet» has bored holes in South Africa to a 
depth of 5560, 5582, and 6340 feet In tlie case of the 
5560 feet hole which was put down at Doorkloof (Trans- 
vaal), fourteen months were absorbed in drilling, a working 
day being twenty-four hours. For the first 700 feet a 
2-incli core was extracted, the total weight of the rods 
being between 15 and 16 tons, and they were Iioisled in 
50 feet lengths, a 66 feet tulmlar steel derrick ])eing used 
for the purpose. Towards the 6nal depth from seven to 
ten hours were consumed in raising and lowering the rods. 

The particulars of the cost of the priijcipal j)arts of 
this drill are as follows: — 


kiii^ 


1. " r ” drill nnd equipment .... . . 

2. 25 lioixf^-power lioilci iiiouiiled on willi iiijictoi and 

coiuj)lute fittings 

3. 1 sjiecial duple.\ stcaiii puiiij», hI/l' 7 x 4A x in . 

4. 16,^ feet, 2-in<'h snetion licwe, with ooiinect ions and sir 

with union 

5. 2800 feet drill rod.s, size “ N ’’ (lO-hvt sectnm.s), ina 

30(K) feet with those in equipment, a! 

6. 24 extra lilank hits, size “ N,’’ at $1.76 . 

7. a extra core lil’tei's, si/e “ K,” at $3.15 

8. 4 extra core .shells, si/e “ X,” at $5.0<4 

9. 1 cros.s elujppinp hit, size “ N ” 

10. 100-feet drive pijje (or stand pil>e), size 4^ inche.s, at $i 

11. 1 .stetd drive head, »ize 4 Hnches 

12. 1 steel drive shoe, size 4.J inche.s 

13. 1 drive piiw chopjung hit, size 4A inclK*s . 

14. I pair drive jiipe c1ainp.s, size 44 inches . 

15. 1 cast iron drive block, weight 550 lbs. . 

16. 200-feet casing pipe, size 3 inches, .styh* flush coujding, 1 

length af 05 cents 

17. 20 |iair jirotectois for 3-iiich ca.sing, at 6() cents 

18. 1 pair casing pi jH* clamps, size 2 inche.s . 

19. 1 yushing “N " ro<l» to 3-inch casing 

20. 1 imjiroved long reamer, size 3 inc]Ve.s 

21. 1 extra rt‘amer face, size 3 inches . 

22. 1 pipe cnJLter, cutting pipe to 2 inches diimeter 

23. 1 set pipe stocks and die.s, threading pipe Ji-inch 

diatpeter 

24. 2 No. 14 chain tongs 

26. 2 jack screws . . • , • 


feet 


2-inch 


|4;«X).00 

.'>85.(K) 

22r>.(X) 

15.00 

lWKi.OO 

42.(X) 

18.90 

2().(H) 

10. fX) 
125.00 

11. fJO 

11.00 
7.50 
8,(K) 

21.(K) 

UtO.OO 

12.00 

6.00 

4.00 

38.00 
6.(X) 
2.26 

14.f»0 

17.50 

14.00 
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26. 1 each 7-inch single aad double blocks, with 100 feet of l<incb 


Manila rope 3.00 

27. Ih feet of j-incli chain, with hook and ring .... 4.00 

28. I flue cleaner, poker and ash hoe ; supplied only with boiler . 6.25 

29. 1 shovel, 2 crow liars, hand saw, files, and cold chisels . . 0.00 

30. 1 sledge, pick, auger, and axe, Avith handles .... 3,50 

31. 1 lot of small pipe, valve.s and fittin<4S ; extra packing and 

waste 25.00 


Total price, without carbon, F. 0. B. Chicago . . $8542.90 * 

32. 1 set carbon, 8 stones ; weight 20 carats, at . (Price 

of carbon, which varies considerably.)* 

33. Setting carlxui in one of the above blank bits .... $8.00 

Packing and boxing for ocean shipment, extra . . . 100.00 


Total weight of drill and outfit above, about 44,800 pounds. 



Other Types of Diamond Boring Machines.— 

Fig. 87 represents the ar- 
rangement which is gen- 
erally adopted by German 
borers. The pair of mitre 
wheels as well as the axle- 
tree of the driving gear, 
and the mechanism of 
putting the apparatus in 
and out of gear, is carried 
by a carriage. When the 
rods have been lowered 
this carriage is put into 
place by the aid of screws 
and locked* The rods pass 
freely through the driv- 

Fib, U(i.~-Sa{6ty>c)anip8 for holding ikiring IBg - wheel, the FOtary 
Hods nt the Surface of the Borehole^ being transmitted 

by a sliding block (^) of two pieces fastened to the 





* Say about £1780. * 

* Frevioua to 1680 the price per carat of oorfrofw ranged from fie. to 40s. In 
^ 1890 Kimberley BoH or coat 60s. per carat, and it has been much higher 

: than this. The present price (1906) of Braiilip oarboos is about 375s. per muit . 
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rod by means of two strong bolts uniting the two piecses, 
'the block being supported by two vertical guides (66) 
carried by the wheel. In order to counterbalance the 
rods and relieve the crown of undue pressure, the gravity 
counterbalance is generally used, shown in rough sketch, 
tig. 97. The suspension cable of the rods is wound on 
the drum of the winch /, whi(di also works tlie counter- 



weight c. Tl\p movement of the wincli is controlled by 
band through a governor R, connection with the drum 
being through the medium of toothed gearing or chain 
and •spro(jket. The reserve^ of cable on the winch t is 
sufficient to allow of the descent pf one or several rods, 
and by turning there is j^estorSd to the counterweight 
the leng^ of rope wound by the drump. When the 
reserve of cabl^ on t is exhausted, all that is* necessary 
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for its restoration .is to unclutcli the drum and so let 
it turn freely in the axle. 

Some General Considerations — Results and 
Costs. — The cost of boring is greatly aftected by the 
loss ill diamonds. Besides getting broken, these are 
sometimes worked out of their setting. To recover lost 
stones a wad of wax or tenacious clay should be placed 
at the end of the rods, gently lowered, and forced to 
the extreme limit of the hole, and then gently withdrawn. 
Usually the more broken the strata the greater the loss 
in carbons ; passing through con- 
glomerates is a very fruitful source 
of loss. 

The consumption of coal may 
also prove an important factor in 
cost, and this of course is governed 
by the horse-power of the drill. A 
drill boring a 2-inch diameter hole 
(core IjJ inch) will require, when 
boring at about GOO feet depth, 2| 
horse-power. On pp. 82 and 151 
the horse-powers recpiired for boring 
deep holes have been mentioned. 

J. ArrHiigi'tnei t Hx«d to head of ^ , 

particulars of a bore-hole 
piit down at Besuidenville (Rand), 
although not bored in search of coal, 
but in rocks much harder than coal measure strata, are 
of interest on account of the detailed nature of the par- 
ticuliirs available. The depth of the hole was 3728 feet. 
The time occupied in its completion was 212 days. The 
rate of boring (throi^gh quartzite, conglomerate, &c.) 
was 17 ’58 feet par diem, p.xternal delays occupying 
twelve days. For the first 2000 feet a 2|-iiicht diameter 
crown was used, and for the final 1728 feet a 2-inch 




LATEK DEVELpPMENl'S IN BORING 159 

diameter crown. Delays incidental tq drilling, repairs, 
loss of carbons, &c., totalled 55 days, or 27 per cent, on 
200 days. The consumption of carbons amounted to 
360 carats, or 8 to 9 carats per 100 feet drilled, which 
at 80s. per carat gave a cost in loss of diamonds alone- 
equal to 7s. per foot. Wages (including overseer) were 
7s. 7d. per foot ; sundries, 9d. per foot ; or a total cost 
of 16s. 5d. per foot, to which must be added interest 
on £3000, the capital cost of the plant. 

In I’ennsylvania particulars of ten holes bored in 
the lower coal measures in the year 1895 show that- 

The tot-al depth bored in the ten holes was 4577 feet. 

The average depth of the holes was 457 feet 7 inehes. 

The average cost per foot was 5s. 9d. 

The average rate of boring was from 13 feet 2 inches 
to 26 feet 9 inches per shift of ten hours. 

In Natal, during the year 1890, four Government 
drills (three hand and one steam- worked) bored a total 
depth of 5621 feet, cliieHy through coal-bearing rocks, 
at a cost of 5s. 9d, per foot, without allowing anything 
for depreciation. Of this depth the steam-driven drill 
accounted for 1945 feet 2 inches at a co.st of 7 h. Hid, 
per foot, which compares favourably with results obtained 
in other parts of the world. The loss of carbons during 
1890-91 being only at the rate of 41id. per* foot, wliich, 
considering the number of intru.sive sheets of doleritic 
rock penetrated, was a highly satisfactory result. In the 
year 1891-92 the co.st of 6171 feet bored was 5s. 8d. 
per foot, of which 7d. per foot was for loss of diamonds. 
In the summer and autumn oi^l906 the writer put down 
several holes in the coal -bearing rocics of northern Natal, 
the deepest of which was lOyO feel, nbne being shallower 
than 400 feet, at a cost of 13s. 6d. per foot for .the first 
600 feet and 20s. per foot for the next 400 feet, which 
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price included transport of the drill by train from 
Johannesburg, and carriage by ox waggon across 20 to 
25 miles of veldt. The terms of agreement are appended, 
as they are likely to be of use to young mining engineers 
in framing similar contracts. 

An Agreement made and entered into this day 

of , by and between Messrs. , hereinafter called 

the Company of the one part, and the Diamond Drilling 
Syndicate, Limited, hereinafter called Contractors, of the 
other part. 

The said Contractors agree as follows, subject to 
the provisions herein contained, and in manner set 
forth : — 

1. To bore, with one or more steam diamond drills, 

two or more holes, inches in diameter, giving a 
core 1 1 inches in diameter, on the Company s property, 
situated in the district of . 

2. To bore two or more holes, at a point fixed upon 
by the Company or its duly authorised representative, 
to a depth of three hundred feet, and, at the option of 
the said Company, to continue the holes to a depth of 
600 feet (six hundred feet), should they require such to 
be done. 

3. That 'the said boring operations shall be at the 
sole expense of the Contractors, who shall provide all 
the necessary machinery, labour, and appliances, fuel and 
water, for carrying out the work expeditiously. 

’ 4. To take all possible precautions to preserve all 

cores coming from the bore-holes, and to prevent others 
than their employees efrom seeing the same, and to hand 
over all such cores to tne Copipany or its duljr authorised 
representative whenever called upon to do so, and further 
to keep all drilling operations and r^ults secret. 
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5. In consideration for which the Gompany agrees - 

Fhr every foot drilled, measuring from the surface to 
a depth of six hundred feet, 13s. 6d. per foot drilled. 

In the event of the Company deciding to continue the 
bore-holeS beyond a depth of six hundred feet, but not 
exceeding one thousand feet, 20.s. per foot, such payment 
to be made as per Clause G hereof. 

G. To pay at the rate agreed upon at the completion 
of every 100 (one hundred) feet, or any fraction thereof 
that may remain at the completion of cacli bore-hole. 
Such payments to be subject to retentions as per Clause 
7 hereof. 

7. The Company shall have the right to retain 10 
(ten) per cent, of all moneys due to the Contractors 
on each bore-hole, until such times as the bore-hole 
has been satisfactorily completed or abandoned as per 
Clause 9 hereof, but any balance due on any bore-hole 
shall not be withheld for more than fourteen days after 
the completion or abandonment of the bore-hole from 
which the money has been withheld. 

8. It is hereby mutually covenanted and agreed as 
follows : — 

That if boring operations be suspended by ^order of 
the Company, or its duly authorised representiitive, or 
through the Company’s negligence, then and in that case 
the Company shall pay the Contractors for each drill 
rendered idle the sum of ten (£10) pounds sterling per 
day demurrage for the periotl of such 8US{)ension ; that is 
to say, that until instructions arc given to the Contractors 
in writing for the drill or drilfe so rendered idle to resume 
work. • 

9. Thai in the event of 4he Contractors losing a bore- 
hole, and not being able to complete it to the full depth 
required by the Company, subject always to the provisions 

t * • . JL. 
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contained in Clause 2 hereof, and provided that the fact 
of losing the bore-hole be due to the encountering of 
(a) A cavity in the formation ; 

(c) A seam of running sand, through which it is not 
always possible to bore ; or, 

(c) Any other causes which renders drilling operations 
impossible ; 

then the Contractors shall not be held liable for the bore- 
hole lost, for which they shall be entitled to full payment* 
as per Clause G hereof ; provided, however, that in such 
an event the Contractors will, if so instructed by the 
Company, sink another bore-hole on the Company’s 
property in a position which shall be pointed out to 
them, on the same terms and conditions as applied to 
the lost bore-hole. 

This done and signed at this day of 

As Wit7iess : — 

This done and signed at this day of 

In the year 1892^ the writer put down several holes 
by a hand-power machine in the same district as that 
mentioned above, the deepest of which was 132 feet, 
deducting the depth of surface soil and clay, &c. The 
core obtained w^as equal to 62*81 per cent, of the dis- 
tance drilled ; and the cost of drilling, excluding interest 
on capital, was 3s. 6d. per foot, calcultuted over three 
holes. The form of journal used by the writer is shown 
in Table XIX. (p. 171). A year before, a contractor 
carried out boring operations on some neighbouring 
properties, with the#following results. A hand-power 
machine was used giving hojes inches diameter : — 

^ ^ 

* See “ Diamond DrilUng in Natal,'* by R. A. S. Retlmayne, Tram. Brit. Soc., 
Mia. Stad.. TOl. XV. PP. 135>142. 
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Holei) drilled — 11. • 

Extreme distance a|)art — 5 iniletii 
Total length drilled — 1144 feet. 

Total working days — 50. 

Hours worked per diem — 10*5. 

Average depth drilltHl per day — 22-8H feet 


The Davis Calyx Drill.— As lia.s been pointed out 
(p, 156), the price of “ cjubons has risen enormously of 
*late years owing to tlie increased demand for these stones 
for diamond drills, and the loss of hurt in some deep 
holes ha.s lieeu so great as to cause engineers to seek 
for a substitute. 

The Davis steel cutter, which originated in Australia, 
lias ))ecn found to be an etlieicnt substitute in rocks of 
moderate hardness, and the American shot drilling pro(;es8 
has given remarkable results when jienetraling hard rocks. 

The Davis Calyx apparatus comprises four parts 
(Fig. 99): A, The bit, which may be either a tooth 
crown for cutting soft rocks, or the plain pattern for the 
u.se of chilled steel shot in boring through hard rocks; 
B, tlic core barrel, which is a tube of a diameter greater 
than that of the rods, but equal to that of the body of 
the bit; F, the hollow drill rods which screw, ^ through 
the medium of a reducing plug C, into the uj)per end 
of the core barrel, and D and E the calyx, which is a 
prolongation upwards of the core barrel, forming a cup 
or calyx, in which the heavy grains of large size are 
collected. When boring with a steel crown of large 
diameter, it would be difficult to carry to the surfece all 
the cliips of rock without vustly increasing the initial 
velocity of the water current, as •a diminution in the 
rapidity df the upward rising or 'outHowing current 
would be* caused by the great difference in, size of 
core barrel i^udTods, hencc^many of the grains would 
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be carried to but little distance beyond the bead 6f the 



Later developments in boring m 

, Tfce toothed crown, which is usually about 1| inches 
thick, is forged from specially tough steel, the teeth 
having an alternately inward and outward set, as in a saw, 
of about I inch, and the torsional strain of the rods 
applied by the slowly rotating gear (about 100 revolutions 
per^ minute) causes this cutter to move round with a jerky 
motion, and so chip as well as cut the rock. Crowns 
with detachable teeth are sometimes used, as shown in the 
photograph, Fig. 100, and have this advantage over the 
older form of crown that the teeth are easily removed when 
broken or in need of being sharpened, all that is neces- 



Kio. 1(X). Crown of Davis Calyx Borinjc Apiiaratus 
showinjf removal»li* O'eth. 


sary being the unscrewing of the retaining cylinder which 
holds the teeth fiVmly in the scats cut in the crown, and, 
as there are two or three positions in whiph each tooth * 
.can be set, they can be used until worn very low down. 

The toothed cutter can be employed for penetrating 
sandstones and shales of ordinary hardness; but when 
about to bore through more compact or crystalline rocks 
the ^thed crown is rephiced by another, a plain cylin- 
drical steel tube with triatigular notches cut in the 
bottom, which, running on chilj^ shot, cuts through 
the hard ’stratum much mere quickly. The shot is pro- 
dueed by t^tomising molten steel and suddenly chilling it, 
whkli process renders it^so Jiard as to allow of its even 
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cutting glass. No.* 6 size is that most commonly ’used. 
It is fed in through a valve on the water hose (Fig. 101), 
and is carried down the hollow bore rods, and so passes 
under the plain bit, which is driven at a somewhat higher 
velocity than the toothed crown, from 10 to *20 more 
revolutions giving good results. 

The great cutting power of the shot in hard rocks is 
evidenced by the fact that it has been used to bore 
through Canadian corundum rock, 
which defied the attempts of dia- 
mond drillers. In other respects the 
fittings do not greatly differ from 
those of the diamond drillers. 

Several borings have been sunk 
in the United Kingdom with the 
Calyx drill. One at Langley Green, 
near Birmingham, to prove the ex- 
tension of the “thick” coal, attained 
a depth of 14G5 feet G inches, at 
an inclusive cost of £2073, 19s. 
It was commenced on July 25, 
1904, and completed May 30, 1905. 
A gootl example 'of the work per- 
, formed by this drill is given in Mr. 

St. John Durnford’s’ description of the deep boring near 
Selby, in Yorkshire. This hole was commenced about the 
end of July 1904, and completed about the beginning of 
August 190G, when it had reached the depth of 2371 feet. 
The diameter of the hole at the commencement was 18 
inches, and was diminished Trom time to time owing to 
the insertion of lining tubes, the last 300 feet being 
6 inches diameter. 

* ** Deep boring at Barlow, noar S«U>y,” by H. St. John Dnrnford. Tram, 
/nri. vol. iczziT. p. 436. * 
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The Cyclone Drill Company of Ohio, U.&A., 
have also done good work with shot drilling. Pigs. 101, 
102, 103 represent some of the details of their plant. 
When cutting through the softer rocks they suHstitute 
** diamonrtite ’* for chilled shot, as it does not bed in the 
rock as the shot is found to do, and yet (»bviates the 
constant redressing necessary in the ca.se of steel (fitters. 

Obtaining Samples from certain Beds.— 'fhere 
is one class of apparatus not yet mentioned which is of 
the highest importance, comprising those instruments 
sometimes termed “enlargers,” which are more par- 
ticularly used when boring holes by percussion with 
a chisel to a known bed or beds from — . 

which samples are required, or in those 
cases where, owing to the very tender or 
broken nature of a coal-seam, it is not po.s- 
sible to secure a core by either pentussive 
or rotary boring. Fig. 104 illustrates a 
form of tool largely used for the purpose 
(perliaps more especially on the Continent 
of Europe than in the 1‘nited Kingdom) of 
cutting samples from the wall of the hole. It consists of a 
tul)e carrying oirits Upper part an enlarging knife, which, 
mounted on a hinge, can be made to jut out against the* 
side of the hole. This tube is of a diameter slightly le.s8 
than that of the hole, and 5 to G.J feet long, closed at 
the base. The weakening to the upper part of the tube, 
due to the opening which serves for the passage of the 
rock cut by the knife, is compensated for by an inilcr 
strengthening tube. In Pig. 104, ah is the cutting 
part, and oc, hd sloping edgesi which allow of easy 
vertical fnovement of thcb knife, aUd prevent obstacles 
stopping* the ‘descent or ascent of the tool. JVhen this 
tool, replaging the cutting chisel or crown, has been 
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lowered to the desired depth, the rods are rdtated, 



Fig. I03.'~-Seotloo of Boring 
▲rrangemont of Cto1o% 
DriU. 


X-^-Y 

Fig. 104.~-En]arging Tool for 
taking Samplet of Coal-aoams 
or ot£»r Bods. , 


causing tlie blade to project and enables the hole 
‘ be cut upwards or downwards. 


to 
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Experience has shown that tools of this nature are 
ytOiOBt effective in holes of small diameter. 

Particulars as to Boring in General. Surface 
Erections , — When putting down a group of lorings, one 
central stham-generating plant only will be necessary, and 
each machine may be fitted with its own steam-engine or 
electric motor, instead of, as is sometimes the case with 
^a single plant, being driven by the locomotive type of 
engine. In all probability, if the work is on a large scale, 
electric driving will be found most suitable, especially if 
the prospecting operations are being carried on in search 
of petroleum, when, also, it will be advisable to remove 
the boiler as far as possible from the site of the holes. 

If the Work is to occupy a long time, especially 
under certain climatic conditions, the site of the boring 
operations should be covered in, in which case n boring 
toMcer will be reared vertically above the hole and sub- 
tended by the shops, &c. In order to allow of the 
raising of 15 metres of rods in one lift, on the (Con- 
tinent these boring towers are frequently as high as from 
20 to 25 metres, and, though there they are usually 
constructed of wood, it will be found better to make 
them of some incombustible material. 

Lining and Size of Bore-holes , — The ^operation of 
lining a bore-hole necessitates a reduction in the diameter 
of the hole from time to time. Hence there have to be 
included in thfe boring outfit sets of boring tools suited 
to these variations in size. The initial diameter of the 
boring is determined by the final diameter which one 
is desirous of obtaining, anti the number of different 
sizes of tubing which it is calculated will be required 
from the 3epth of the hole* and the nature of the strata 
to be penetrated. 

The rotaxy Inethods of boring do not allow of such 
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large diameter of 'hole as is frequently requir^ * when 
water or petroleum is the object of the search, the 
flushing water, when the hole is of large diameter, not 
being sufliciently rapid to enable the effective removal of 
the large amount of debris which is made in such cases ; 
whereas by Fauck’s system, with reversed current, holes 
18 inches in diameter have been successfully bored. 

When lining out a section of hole it is usual to^ 
employ Mannesman tulics for the purpose, with exter- 
nally smooth joints, the lower tube having a cutting 
shoe, which assists the descent of the column of pipes. 
Another process, of more recent date, and known as 
cement tubing, has, however, the advantage of not re- 
ducing the diameter of the hole, and is at the same 
time quite water-tight. It is chiefly employed when 
passing through ahsorhiiuj as opposed to spouting strata. 
A thin mixture of cement and water, known as “milk 
of cement,” which sets quickly, is used as the injecting 
fluid ; as it is injec.ted tlie rods arc gently and gradually 
raised until above the part where the side has fallen in 
or is weak, after which the rods and the upper part of 
the hole are washed with clear water, and boring through 
the portion so “ crowned ” is resumed. The greatest 
* drawback to^this process is its slowness. 

ItAicording of Remits , — It is most necessary that 
boring results should be carefully chronicled ; the form 
of journal that the author adopts is given* in Table XIX. 
as possibly serving as a guide to young engineers. Varia- 
tions in the strata can nearly always l>e determined with 
considerable accuracy by cal*efully noting the changes in 
the colouration of the ascending water, and by making 
mai'ks on the rods at the moment of change. When 
the outflowing water ^changes to inky bltCck it is advis- 
able, as this is an indication that coal Has .been struck, 



Table XIX. — Xo. 3 Bore-lioU. 

Put down on the Ballengeich Farm, Klip River County, Natal. 
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to at once cease boring, raise the rods, and extract the 
core. Then, when the rods have been re-lowered, to 
thoroughly scour out the hole, continuing the flushing 
until the water emerging therefrom is quite clear ; then 
by boring through the seam a core will be* obtained 
which oh analysis will represent a more correet estimate 
of the value of the seam in respect of ash contents than 
if Itoring had been proceeded with in the first instance. 



CHAPTER VI 


SOME BORING PUOIiLEMS 

, The Determination of the Amount of Devia- 
tion from Verticality and Deflection of Bore- 
holes.— Bore-holes, especially those bored with turning 
tools, are never perfectly perpendicular, though the extent 
of the deflection varies considerably in different cases, 
depending on the inclination of the strata and the nature 
of the alternations of the strata. Thus- in hig. 105 a 



drill (a) is on ihe point of passing from a hard stratum 
(6) into a soft one (c), and as it will bore (quicker in the 
soft than in the hard rOck, the tendency will be for the 
drill *to assume a position appjoximating to the dotted line. 
The bend will be in the other dirqption when the reverse 
is the cade, and in some ^nstanftes-of deep borings, no 
doubt, the hole assumes a helical form. 

A hole put* down by diamond drill at the Holyrood 

‘ • l78 
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Brewery, Edinburgh, showed a lateral departure* of no 
less than 8 feet in a depth of 200 feet, as was proved 
by a drift, driven from the bottom of a well, inter- 
secting it. The position of the hole underground was 
discovered by lowering bar magnets down* it, and 
ol)serving the eflect of the same on a compass placed 
in the drift. At Sandhurst and Stawell in Victoria, 
Australia, the deviation from the initial direction of 
holes sunk by diamond drill was as much as from 30* 
to 75 feet in liores of 500 feet depth. It was the case 
of a lost bore at Stawell that led MacGeorge to devise 
his method of estimating the variation. The Lohse 
bore-hole, sunk perpendicularly with a diamond drill 
from the bottom of a shaft on the Simmer and Jack 
property (Transvaal), was found subsequently to be 
deflected 15 feet to the north in a depth of only 300 
feet; in this case, as the strata were dipping to the 
south, the hole was across the measures. 

The Surveying of Bore-holes.— There are several 
methods of determining the amount of the variation in 
the direction of a bore-hole ; the six best known are, 
however — 

1. Ncltcns. 

2. M‘Farl<ine’s, 

3. Otto’s, and others of a like character. 

4. Mcine’s. 

5. MacGeorge’s. 

G. Marriott's. 

1 . Noltens c— This invention of Herr G. 

Nolten of Dortmund, in Germany, which was one of the 
earliest methods devised for ^determining the ‘deflection 
from verticality of .bore-holes, is based oi^ the. fact that* 

1 Tntfti, N. of S, InH. M.E,, vol. xxix. {l$l% p. Ql. 
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liquids always maintain their natural level, and that if 
the liquid be hydrofluoric acid it will record the varia- 
tion of level by etching on glass. Sup[x>8e Fig. 106 
represents a glass vessel, the bottom being flat and the 
sides at right angles thereto, and into this is poured a 
liquid composed of, say, one part of hydrofluoric acid to 
four of water. If this instrument 
be placed in an inclined position, 

%o tliat the surface of the liquid 
assumes the form of an inclined 
plane ah, and it be kept still for 
about half-an-hour, the level of 
the liquid will be etched on the 
glass ; then if some of the liquid 
be poured out and the vessel placed horizontally, the 
surface of the remaining li(|uid will constitute a plane r<l, 
the line of which will, after the lapse of some time, be, 
as before, etched on the glass. Drawing ((c parallel to 
vd, there is formed a right-angled triangle a/>c, the angle 
hae being the angle of deviation from verticality. 

Fig. 107 illustrates the form of instrument used. It 
is constructed of brass with the exception of a, which re- 
presents a series of gutta-percha rings for taking up the 
shock in low'ering and raising the instrument. In* order to , 
determine the dire^ium of the declination, tlte glass vessel 
with the etching liquid is fitted into a ring which is rigidly 
connected with a compass, and having found the line of 
inclination (etched on the glass), the whole combination 
(glass, ring, and compas.s) is inclined in this plane, aixl 
the direction in a horizontal position of this line read off 
by degree marks on the ring, and^at the same time the 
compass liearing ; the difference of thpse readings being 
the magnetic bearing of the line^ of inclination. Ihe 

mechanism itsel/, shown in Fig. 108, is fixed by means 

• 
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of a rod into the space cd (Fig. 107). The needle e is 
clamped by means of a stop-watch / acting on the lev^r 
g after sufficient time has been allowed for it to settle ; 
h represents the glass vessel containing the etching liquid, 



and i the middle plate on which the compass needle, set 
high, rests. . * • ^ ♦ 

The position occupied by the mechanism in* the brass 
casing is indicated by the dotted lines in Fig., 107. 
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Thbugb an imperfect instrument, remarkable and start- 
ling results have been obtained with it. In the summer 
of 1874 the Gustav Adolph l)ore-hole, near Dieuslaken, 
was sunk by rotary boring and stopped at a depth of 750 
feet, being tubed all this distance. Experiments were 
carried out with Noltcn’s apparatus, which gave the 
following results 


^ At a distance of 200 feet the hole allowed 
» ft 300 „ „ 

„ » 430 

„ 750 


an inclination of 2*^ from vertical. 
» 3r „ 

» 47 '’ „ 


At another boring near Leith, in Holsten, for IVJH feet 
the hole was perpendicular. 

At 656 feet it had a visible inclination. 

„ 984 „ the inclination amounted to 3’’. 

„ 1640 „ the Inclination was small. 

„ 2624 „ the inclination was only 1'’ from vertical, and 
this it retained to a depth of 3280 feet. 

It is interesting to note that this hole was proved to 
have followed a twisting or spiral course, like the rifling 
of a gun, for at 1640 feet the bearing was N.N.E., whereas 
at 2296 feet it was N.N.W. 

2. placed a steel pipe, screwed op to the 

end of the boring rods, within another short steel pipe, 
the bottom of the inner pipe being open whilst that 
of the outer one was closed ; the annular space between 
the pipes he used as a mercury bath, on which was floated 
a gutta-percha arrangement carrying a magnetic needle. 
Two iron wires passing up the inner tube were bared 
up to* a point an inch above the mercury, beyond which 
they were insulated, and .each was jeined by an insulated 
eppper wii^ passing up the bore rods to the surface, 
Inhere they were attached to a tangent* gal vanonveter and 
WtteQ^. The action of this, apparatus is simple. The 
vdju I. ’ i( 
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bare iron wires dip into the mercury more err less, 
according to the inclination of the hole, and so vary 
the resistance of the magnetic circuit The amount of 
deflection of the galvanometer on the rotation of the rods 
shows the inclination of the holes ; the direction of the 
dip being determined in a somewhat similar manner by 
a wire carried up to the surface and 
connected with a magnetic needle. 

3. Ottos and Ollier Methods. — P? 
Arrault' was one of the first to em- 
ploy the compass for determining the 
dip of strata penetrated by bore-holes. 
Gothan, Kocbrich,^ and Vivian have 
all devised and used methods more or 
less similar, but they present draw- 
backs preventing their general or 
extensive use. The method of Otto 
of Hildesheim, devised a few years 
ago, seems more practicable. A rod 
of non-magnetic metal (bronze) is in- 
serted in the suspended bore-rods at 
a small height above the crown, and 
carries in its middle (Fig. 109) a box 
guided by vertical grooves, preventing 
rotation ; and ducts bored in the 
thickness of the metal allow of the 
passage of the water-current. This box, closed by a 
water-tight conical lid, is divided into three superimposed 
Compartments, A, B, C. The compass is placed in A; in 
B is the clockwork on the clarm principle, which governs 
the mechanism for loosening and fixing the compass, and 
the drum on which is rolled t-he suspension thread for the 

* keintt UnivtTHlk drs Miw*, 3rd Beries, vol. xii. 1890, p* 3a 

* Tecklenburg, op. <?*., vol. cxl p. 30, and Plate 1. 
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plumAiet, which hangs in the compartment C. It is this 
thread which registers the deviation of the Ijore-hole. 
The alarm being regulated in accordance with the time 
taken to lower the apparatus, allowing an ample margin, 
the crowfi and roils are lowered down the hole, and at 
the expiration of the period of time at wliieh the alarm 
was set to work the fixing arrangement the freely swing- 
ing needle of the compass is clamped. When this happens 
the thread is unwound, and the plummet falling on a thin 
plate fixed on the bottom of the box, makes a dent, 
from which mark and the height of the box the amount 
of inclination of the liole can be calculated, the clamped 
needle recording the declination. 

Some engineers, the Germans esjiecially, have disputed 
the value of this method, and certainly it is opim to grave 
criticism in that it determines the variation of tlie holes not 
by the core Imt by the core barrel, each turning movement 
of which, when breaking off or raising the t‘ore, causes 
some increase of error which is indeterminable ; and the 
shaking of the rods may put the delicate mechanism out 
of gear, or, if imperfect in respect of water tightness, the 
clockwork is drowned and ceases to act. But, though fail- 
ing to give good resuFts in some districts in Genyany, the 
apparatus has been used successfully in several instanccfs 
elsewhere. 

4. Dr. Meinc's Method . — The recent invention of 
Dr. Meine of* Berlin removes one of the chief cau.ses 
of non-success inherent in the a})ove apparatus. The 
arrangement for fixing the magnetic needle of the Otto 
apparatus is discarded, Dr. Meine using, to effect this 
purpose, a ball (Fig. 11(1) which is^made to fall through 
the interior of the rods. This is pressed on the guide-seat 
mm by the water-current, the passage of which it opposes, 
forcing down. the rod which is terminated at its base by 
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a conical piece causing, in moving down, the displacement 
of the eccentric k, and hence the rotation of the aids A, 
which, through the medium of the ring g and of the 
lever /, eflfects the raising up of the needle against the 
plate p. It is also so constructed as to assure the per- 
fect water - tightness of the com- 
partment containing the needles, 
'fhe upper part c is fixed to the 
base by a screwed ring d, with the® 
interposition of an indiarubber 
washer e. The rods I and k move 
through friction sockets as shown. 

The Stratameter Gesellschaft 
of Berlin accords to this apparatus 
^ many advantages over the older 
types, one of the most notable 
being the fact that it can be ap- 
plied to holes of small diameter 
e more easily than the older and 
somewhat similar forms. The 
moment at which the stratameter 
works can be determined at the 
surface by the ■ increase of the 
pressure in the water of the force- - 
pipe when the ball n is in the 
position shown in the sketch, and 
Fio, iio.-Meine’s strat*. a suddcn dccrcase when it is on the 

meter. , 

seat. 

‘ 5. The MacGeorge or Clinograph Method } — In this 
method a clear glass phial or '^clinostat” is nearly 
filled with hot gelatine, the original formula for the 
preparation of which s4ems 1^ have been lost since Mac- 
George d^^vised the apparatus. At one end a (Fig. Ill), 

> For a detoUed acoount of thb appa^at see lUrch 13, 1335. 
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it contains a magnetic needle in suspension, and in the 
upper bulb b a plummet consisting of a 
fine rod terminating below in a plumb 
of solid glass and attached above to a 
diminutive bulbous float, the whole being 
very carefully adjusted to the specific 
gravity of the gelatinous liquid. In the 
lower bulb the magnetic needle is also 
%eld up by a glass float. The small glass 
tube passes through an air-tight cork and 
screw at the upper end, the glass bulb a 
terminating the glass cylinder c, whilst b 
is a bulb terminating the 
small glass tube d ; c is an 
air-tight cork and screw capsule, and / is 
^ a cork into which the lower end of the 

inner glass tube passes, preventing the 

escape of needle and float. 

The clinostats are heated, enclosed 
-—d within a brass protecting tube (see Fig. 

e 112), and lowered by line or rods into 

that part of the hole which it is desired 
to test; and sufficient time/ having been 
allowed for the liquid to cool ani congei|l, • 
the apparatus is drawn to the surface, and 
the inclination and azimuth at the time 
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• of congelation determined by placing the 
clinostat in the same position which it 
occupied at the time of congelation in 
oJ the bore-hol#. The phial or clinostat 

U2.-Mao- with its congealed contents is placed 
stat in itsipro. within the iheatlf the instrument 

■ .shown in Fig. 113„ termed a clinometer; 

/the upper bulb (2) of the phial is brought into the 
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field of vision of the two cross-visioned microscopes 
(3 and 4). there being vertical lines drawn upon the 
object-glass of each microscope. The phial is revolved 
in its sheath, and the arm (5) is moved along the 
arc (0) by the tangent worm (7) until the plummet (8) 
is made perpendicular as viewed from each microscope, 
i.e. parallel with the vertical lines on the object-glasse-s. 



Ffu. I 111. -- MacOeorge’s CIijnmn*tt;r. 

(Liiptoirn Mine 

The phial is then in tlie same positioa in which it was 
♦ when its' contents were solidified. (9) is a revolving 
circular mirror with parallel lines engraved across it; 
on it the needle will be reflected. Now, seeing that 
the needle, when the clinostat was lying, in the hole, 
pointed to the magnetic north, if the mirror is 
revolved until 270° of the graduated circle (10) is 
opposite the north end of, the needle, and until' the 
reflection of the nejdle is parallel with the en- 
gravMl lines, the. index at^ the other side of the 
graduated mirror frame gives the angle. l)et}veen the 
needle and the vertical plane of revolution of the 
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phial/ which is the magnetic bearing of the inclined 
phial. 

By applying this methml at stated lioring distances 
a bore-hole may l>e accurately surveyed, and this instru- 
ment, the invention of an Australian miner, has been 
largely used in Victoria, Western Australia, the West 
Coast of Africa, and elsewhere. 

There are two disadvantages to be urged against the 
apparatus. The first is that it cannot be used in those 
cases where the increase in heat is great, as a high tem- 
perature prohibits congelation of the gelatinous liquid, 
consequently it may be said to be limited to holes of under 
1000 feet in depth; and seeondly, the fact that the receipt 
for making MacGeorge's gelatine composition has been lost. 

0. MariiotCs invention^ consists in the use of elec- 
tricity as a means of liqm^fying in situ a solid for record- 
ing readings, thereby eliminating tlu^ liability to error due 
to the motion of the instrument. His idea was to devise 
an instrument which would giv(‘ check readings in one 
operation, instead of having to lower it down again and 
again, an operation occasioning a great loss of lime, and 
hence considerable expense. This necessitated an instru- 
ment the variation 3 'recorded by which could ]>e read at 
the surface as the instrument descended, therefore he* 
had to resort to electricity as his means of conveying 
the varying records from the hole to the surface. But 
he has invented two kinds of apparatus, a continuous 
recording instrument for determining the variations in 
the amount of dip in a bore-hole, and an intermittent 
recording instrument for determining the variations in 
direction of the course^ of a borc-Jiole, and the variations 
of the aniount of dip throi]|ghoutf such.bore-holp. 

^ Deep* Bore'fiole Surveying,’* by H. F. Marriott, Trutm. dntt. Min, ami 
xiv, tl904-«). p. 266. 
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Continuous Recorder, for determining vari&tiona 
in dip (Figs. 114, 115)/ illustrate this instrument^ in 
which A is a gun metal cylinder, B a hemi-cylinder of 
brass, hV pivot screws supporting B, aa' metal plates, b^h\ 


m 



FiO. 114,— Marriott’8 Con- 
tinuous IlecordtT. 



discs att^hed to the ends of B, C an el,oflite disc. DD' 
bracketo fixed to B and carrying the vertical rod E, F a 
pinmb bob pivoted to E and attached in such a manner 
that It can swing in one pltfne only ; G is a switch arm 
attached to the top of the plumb bob, carrying at its 
upper end a strip , of p’latinom. The movement of F 

■ Tto»athyi.fa..|«fat«l B. Council of th.ln.UtBtion«fMfai4.,.. ' 

Inrgy tor pormiMton to reprodaoe the UlutnUon. of Mr. M»rriott^|i|w«t 
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causes* G to describe an arc about a centre /, which is 
the centre of oscillation of the plumb bob. H is a 
commutator fixed on the vertical rod E, and upon which 
the platinum strip on G presses gently. The commutator 
H consists of numerous metal contacts h of varying re- 
sistances, commencing at, say, a minimum and finishing 
with a maximum, interspaced with ebonite pieces A'. J 
is a resistance coil connected up with H, and MM' are 
^weighted segments which combined with the weight of 
the main portion of the rest of the instrument operating, 
when the outer casing A is tilted in any direction, to 
revolve the hemi-cylinder B on its pivots hb\ so that the 
switch G may move in a vertical plane. Two wires, k 
and k\ which pass the electric current through the instru- 
ment, may be connected up with a series of primary or 
secondary cells of known electromotive force, a galvano- 
meter and a standard resistance box ; the declination of 
the plumb bob F from the vei tical can be determined by 
the galvanometer, the various resistances of the coil 
having previously l)een compared with those of the 
standard resistance box. 

The hitemiittent Recorder, for determining the varia- 
tions in direction* of ’the course of a bore-hole, and the 
variations of the amount of dip throughout tlie same, * 
consists of A (Figs. 116 and 117 )» a copper cap ; B and C, 
screw caps ; E, lead washers ; aa, two cylindrical pieces of 
ebonite through which the wires dd' pass ; D, two ccmcen- 
tric rings of brass, to one of which the wire d is attached, 
d' being fastened to another, these wires being located 
in grooves a* a* in the exterior of £he tube, and insulated 
from the tube A and the plugs B and C. The ring F 
keeps the Vires dd' in position, afid G and H are terminals 
Ibo which the wires are connected, gig' -being washers, and 

J is.a resistance coil to which G and H are attached. 

1 
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K is a vertical needle rigidly attached to the nut i, 
which serves to screw up the same through the plug C. 
L is a magnetic compass balanced on the point of K, 
whilst I is the conical base to which L is affixed, M 
being a silver mirror fixled on top 
of the compass when it is desired 
to make a test. Before lowering 
into the hole, the magnetic com- 
pass L having been arranged in* 
position on needle K, molten par- 
affin wax is poured into the tube 
until the lower portion of the 
compass attachment is well be- 
low the surface. This is allowed 
to solidify, and the top plug B 
being screwed on, the instrument 
is placed in a protecting casing, 
and the wires del' connected to the 
source of supply of the electric 
energy through the medium of an 
electric cable. When the instru- 
ment has been lowered to the 
desired spot, a strong current is 
passed through the resistance coil 
J for a period long enough to 
melt the wax, when the needle 
will assume its true magnetic 
north and south position. The 
m\x is allowed ample time in which to again solidify, then 
the instrument is drawn to ^the surface, and the direction 
of the dip ascertained i)y observing the declination of the 
mirror M from the horizontal, ,>vith regard to the direction 
of the compass L. . Fig. 117 illustrates the adaptation of 
the marine compass, but this baa ainnA K^An rnrf bAr mru^ifiAri 
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and inlproved. The inner ring and l)and has been replaced by 
a hemispherical cup 0, in which the vertical needle carrying 
the compass is fixed. Paraffin wax is poured into the tube 
until it reaches about half-way up 
the outer side of the cup, and only 
just sufficient wax as is necessary 
to securely fix the base of the com- 
pass is poured into the cup itself. 

* As pointing to the great 


value of having an accurate sur- 
vey of a bore-hole, the instance 
of the two deep bores sunk by 
the Turf Mines, Ltd., in the 
Transvaal, may be (juoted. Both 
of these holes showed (*onsiderable 
declination from the vertical. A 
survey of the east hole is given 
in Fig. 118 as being the deepest, 
of the reef from the surface at the point where it was 
struck was 3010 feet, the distance bored being 4802 feet, 
or 892 feet more than the ver- 



Fk!. 117. 


The actual depth 


/ 




N92/ 

— 

B'i 


'".r 

C‘ 


tical dc})th, though 43 feet short 
of the calculated depth of the 
reef below the top of Wia bore- 
hole. Marriott’s instrument was 
used to survey these holes. 

To determine the 
Strike, Dip, and true 
Thickness of Coal-seams 
by; Boring. Determination 
of Strike and Dip , — Having 
put dcivn. three bore -holes in 
such a pQpitioy that they form, roughly, an equilateral 
triangle, reduce, the depths of the *1io1qs as from a datum 


Fio. 119. 
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line (this can be done by levelling) ; so that if aA, iB, cC 
(Fig. 119) represent the holes as bored, the points A', B', 
C' are in the same horizontal plane. 

Then suppose at No. 1 hole the depth A'A = 10() yards. 

„ • „ ^ 2 „ „ yards, and that this hole is 

3(H) yards due sou(h of No. 1. 

„ ti 3 „ „ C'0~2(X) yards, and that it is distant 

350 yards in a dii'ection S. 50^" E. 
of No. I liole. 

Then the strike and dip of the seam within the area 
A'B'C' can be determined either graphically or by calcula- 
tion, always supposing geological disturbances to be absent. 
Let Fig. 120 represent the relative position of the holes. 

Then * a* ~ h* + v* - 26f cos A ' ; 

a* = 350* +300* - 2 (350 x 300) co8 rH)**, 
so a =278 yards. 

The difference of level between the seam at No. 2 and 
No. 3 holes is 50 yards, and 278 f 50 = 5*06, or a dip from 
IV in the direction of C' of 1 in 5 '50. 

To find the level course or strike piweed along the 
line B'C' until a point L is reached, where the seam is 
at the same depth as at A', that 
is, 10 yards deeper than at B, and 
5*56 X 10 = 55'6 yards, or the distance 
that L is from B'. LA is the line ot 
strike, and the dip is at right angles 
to it, in this instance in a right- 
handed direction. The course of LA 
and of the dip could be taken by compass-bearing, or 
determined by calculation. Thus — 

By trigonometry— . . • . 

•?? ® 

sin . 

350 “ 278 ‘ 

... ...... . 

^ See JEuclid, Book 11., props. 12 and 13. 
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multiplying througli by 350, 
sin B' 


350 8ir^5(^ 
" 278 ^ 


—965, 


and the angle of which this is the sine =75°. 

Therefore the angle B'=75°. 

It is then new^ssary to find the length of LA'. 

In the triangle A'B'L we know that— 

A'B'=300. 

B'L=55-6. 

Angle B'=75°. 

'lliat is, two sides and the included angle is known, and 

A'L*= A'B*+BX*-2AT4' x B'L cos B' ; 
A'L-- 290(11 ; 

and to find the angle LA'B' (or ^), 

sin S sin B' 

BX " A'L ’ 


. n B'L sin B' 
mi6~ -10 3/, 

A li 

U A'L is S. 10“ 37' K. of A', 


which is the bearing of the strike from which the bearing 
of the dip is calculated. The dip is at right angles to 



. • 

’ the line of strike, end the reduced depth, of the bore- * 
^ holes have shown that it is in the right-handed direction. 
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Therefore by Fig. 121 — 

90 - 10-37 *»7rQ'. 

So the bearing of the dip is N. 79'' 03' E. In order 
to arrive at the amount of the dip, draw (see Fig. 120) 
from the •point I and at right angles to L.V the line IV/, 
Determine the length of this line, and dividing the same 
by the difference of level between the points I and O'. 

icy ill yftixls 
40 yartla ~ 

so I in X will be the amount of 

Determination of true Thiehiess (f thr Seam . — There 
are two ways in which this can he done, the {ilgehraic-al 
and the trigonometrical methods. 

Examjile, — Suppose the dip of a seam is 1 in G, and 



the thickness, as proved by a vertical l)oring, is 54 inches, 
required the true or perpendicular thickness of the seam ? 


In Fig. 122- 


d is to e, BO is c to Iff 
ami d is 6 timt'.s 
so r is ti times h ; 


and a* 
or 

1* f* 291 b 

and , 


hence 1S>=8-87S,^ 
c:^53-2G8. 
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Or by trigonometry (Fig. 123)— 

AC =54", 
tan 

h 6 

$f the angle of dip ih the angle DAE, and because tlie triangles DAK and 
ACB are similar triangles 

the angles DAE = the angle ACB ; 

and having that tan from the mathematical tables it is found that the 
angle 6/^9’ 28'. 

Again 

A(; 

BO = ACcos<? 

-54 X mi 

- 53-24. 
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! Depth of bore-holes, 81, {K), 145 
I Derbyshire coilliuld, 8, 1 1 
I Determination of the value of coals, 
I 32 , ’ 

Diameters of Inire- holes, 81 
Diamond drill, the, 82, 140 

American and British 

types, 142, 145 

Continental use of, 142, 

156 

core-lifters, 144 

1 — core protection for, 15l 

cost of, 155 

_ cost of boring by, 159, 162 

— counterweight arrange- 

nient for^ 156 

I crown, 143 * 

I , — 'depth of borings by, 145, 

I 155, 158 . 
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Diamond drill, hand-drilling with, 
161 

hydraulic feed for, 148 

power necessary to drive, 

82, 151,168 

rate of boring with, 158, 

103 

rate of driving, 142 

screw or friction food of, 

140 

~ setting a crown, 163 

— — -Sullivan types, 144, 146, 
147, 150, 151 

water current with, 142 

Diamonds, cost of, 150, 103 
- (Kjst of black, 103 

when first used for l>oring, 141 

Dip, apparent, 66 

measurement of, 07, 68, 187 

true, 69, 72 

Distribution of coal, 5 
Dredger, Imring, 120 
Dru's free-fall boring apparatus, 94 
Dry Iwring, 114 
cool, 6, 50 

Dumtion of the coal supplies of 
Great Britain, 12 
Durham coalfield, 8, 9, 1 1 
Dyke, 56, 02 

Earthy coal, 2 

Easjngton Colliery, Iwing at, 9H 
English coalfields, 8 
* Enlarging t(K)l fo^ l)ore-hoio8, 107 
Evaporative power of coal, 37, 39 

Falhk bedding, 51 
Fat coals, 6 

Fauck's boring apparatus, 122 
Fault, ordinary, 58 
— ^ reversed, 68 

trough, 69 

Faulting, 66, 68, 59 
Fife coalfield, 8 
Fireclay, 18 

Flintshire, co^field of, 8 
Flushing borarholes with irater, 112, 
113,116 


Folding, 65, 66 
Forest of Dean coalfield, 8 
Fom of boring agreement, 160 
Formations containing coal deposits, 

6, 12 

Fossil ferns, 21 

trees, 19, 21 . 

France, the coal output of, 6 
Franco-Belgian coalfield, 55, 67 
Fraser, Professor, classification of 
coals, 6 » 

Free-fall arrangement in boring, 91 • 

; Dru’s, 94 

— Fabian’s, 96 
Friction feed in bering, 149 
Frieli’s Iwring apparatus, 1 36 

; Galicia, boring in, 101, 127 
, Gas, coal, 14, 16, 25 

! yield of, from various coals, 16 

Gaseous coal, 5, 14 
Geological disturlmnces, 55 

formations, 48 

Geology applied to coal mining, 48 
German Empire, the coal output of, 6 
Germany, peat in, 4 
Glacml drift, 49 
(Glamorganshire coalfield, 10 
Gloucestershire coalfield, 1 1 
Goodwin, Austin, reference to, 81 
Gothan’s stratameter, 178 
Graphitq, coinposition of, 2 
(Jranite, 74, 76 

j Green, Professor, quoted, 49, 60 

Habkts, M., reference to, 131 
Hackenberg system of boring, 135 
Haddington, coalfield of, 8, 55 
Hade, 56 
Hartley coal, 2 

Heating value of coals, 32, 36, 37, . 
38, 39, 40, 46 

value of peat, 3 

Hea>re, 59 
ouse coal, 5, 26 
all, Professor, reference to, 7 
Hydraulic boring, 136 * 

feed in boiing, 148 
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H;^draAii>ric aeid, uK of, in survey- 
mg bore-holes, 175 

lONKOUB rock, intnisions of, 02 
Injection water in boring, 119 
Intermittent recorder, Marriott’s, 
184 * , 

Inversion, 51, 52 
Irisii coalfields, 8 

peat, 3 

«lron smelting oual, 2H 
• 

Japan, the coal output of, <> 
Jennings, Hennon, reference to, 80 
Jointing in rocks, 53 
Journal, boring, 171 
Jukes, J. Ileete, quitted, 18, 07 
Junction of boring-mds to wiiter- 
pil>e, 118 

Kknt coalheMs, 8 
Keystone core drill, the, 109 
Kilboggan i>oat, 3 
Killingworth (’olliery, 21 
Koebrick, reference to, 178 

Laminated rocks, 51 
Lancashire, rital field (tf, 8, 9, 1 1 
Lolxtur, Professor (i. A., reference 
to, (53 

Leicestershire, coalfield of, 8, 11 
Lenticular Intds, 51 ^ , 

24 

Lesehot, M., reference to, 141 
Lesmaliagow, coalfield of, 8 
Lignite, composition of, 2, 12, 14 
Limestone, 7(5 

Lyell, Sir Charles# quoted, 22 

MTarlank’k instrument for sur- 
. veying bore-holes, 175 
MacOeorge’s instrument for sur- 
veying bore-holes, 174, 180, 181 
Maps, geological, 78 
Marriott’s instruments for surve^- 
. ing Imre-holes, 174, 183 
Mather & Platt’s %ystem of boring, 
*96 


Mathews, C. U., quoted, 107 
Measuremout of indiuatiun of strata, 
G6 

Meine’s instrument for surveying 
l)OTe-holes, 174, 179 
Metric ton, value of, 5 
’ Midland coalfield, 8, 1 1, 82 
I Midlotliian, coalfield of, 8, 9, 55 
Millstone grit, 7 
Miocene, coal in, 1 2 
Mississippi, formation of coal at, 122 
Monmouthshire, coalfield of, 10 
Muiintahi limestono, 7 
Murchison, Sir U. 1., refertmce to, (5 

N vMrn coalfield. 55, 57 
Natal ct>al, 7 
21 

Newcastle coal, composition of, 2 
New Zealand, coal in, 13 
Nip-out, (54, no 

Nolten’s instrument for surveying 
horo-holes, 174 

Nordhaiison Boring Company, the, 
IS.') 

North Staflt)rd, coalfield of, 8, 9, 11, 
55 

Northuiul)urland, coalfield of, 8, 9, 11 
I Nottingham, coalfield of, 8, 1 1 

Om.igvE Section Table, (59, 70 
! Occurrence of coal, 5 
(hhnoptt'rin, 22 • 

Oil wells, HI, 109, 127 

wells in America, 81 

Oolite formation, coal in, (5 
Otto's instrument for surveyinij 
Iwrediolos, 174, 175 
Output of coal for the Unite<l King 
dom, 11 

Ovorlrf);) fault, 68 * 

Page, Professor D., quoted, 14 
Peat,tl)riquette8 made of, 4 
— composition of, 2 
manner of fonnation of, 3 

ttses*of, 4 m 

— weiglit of, 3 
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PieopUritt 81 

Pembrokeshire, anthracite of, 11 
Pennsylrania, bore-holes in, 79 
Percussive boring, 82, 121 
Peru, coal in, 7 
Phosphorus in coal, 26 
Piezometrical level, the, lib 
Porosity of stone, 74 
Portland stone, 75 
Power necessary to drive drills, 82, 
161, 158 

Pressure of water in bore-rods, 1 IG 
Problem boring, 173 
Producer gas, 4, 30 
Prospecting, 77 
Prussia, mining law in, 112 
Pumping pressure when boring, 110 

QuAliiry of coal in different fields. 9 

of coal. See Coal 

Quantity of coal in Great Britain, 1 1 

Raky system of boring, 113, 130, 131 
Rapid system of boring, 127 
Rate of boring, 87, 100, 108, 111, 131, 
135, 140, 158, 162 
Recording results of borings, 176 
Redwood, Sir Boverton, reference to, 
89 

Reinpreusson boring apparatus, 128 
Renier, M. Armand, reference to, 89 
Reversed fault, 58 
Reynolds, reference to, 88 
• Rigid rods, Uiring with, 82, 90 
Rods, boring, 117 ' 

Rolls, 64 

Rope-drilling, 82, 101, 102 
Roscoe, Sir H., quoted, 17 
Kosenhain’s calorimeter, 41 
Rotary boring, 82, 140 
Royal Oommissionot* coal supplies, 1 1 
Ruhr coalfield, borings in, 30 
Russia, coal output of, 6 

o^fields of, 6 

Russian peat, 2 

St. Oothaud ^nnel, 141 
Salt-wells, boring of, 108. 


' Samples taken from bore-ho^ 167 
Sand, boring through, 88 
Scottish coalfields, the, 8, 9, 11 
Search for coal, 77 
Semi-aiithracitous coal, 5 
Semi-bituminous coal, 5 
Sexton, A. H., quoted, 29 
Shannon, peat from the, 2 
Shot, drilling with, 165 
Shropshire coalfield, the, 8, 11 
Sigillaria, 20, 21 

Simpson, J. B., reference to, 62,, 
64 

Size of bore*holes, 169 
Skye, coalfield in, 6 
Slickensides, 58 
Somersetshire coalfield, the, 8 
South Africa, igneous dykes and 
1 overflows of, 63 
I South Stafibrd coalfield, 8, 11,. 59 
‘ South Wales, 8, 10, 11, 55, .56 
I Spain, the coal output of, 6 
Specific gravity of coal, 35 
Sphagnum moss, 3 
SpIieiupterM, 21 
Steam coal, 5, 10, 28, 30, 56 

coal of South Wales, 1 1 

Steel manufacture, coke used for, 
26 

Stujnuirid, 18, 20 
Stone building, 74 
Stratameter, M'Farlane's, 177 

MacGeurge’s, 180 

— Marriott’s, 183 

Maine’s, 179 

Nolten’s, 174 

Otto’s, 178 

Vivian’s, 178^ 

Stratification, 40, 53, 187 
Strike, 67, 187 

Sullivan diamond drill, 144, 146, 147, 
150,151 

' Supply of coal in the British Isles, 
18,20 

Surveying of bore-holes^ 174 
^wellies, 64 

Swivel, water, 119, 121, 145 
; Syuollne, 49, 57 , 
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TUoknen of nun, deUrminotion 
• 191 

Thompson^e oaloriineter, 40 
> Hirow of faults, 56 
Tonna|ge,oalculation of, in coal seam, 
26, 73 * • 

Towneley Colliery, 64, fM> 

Transvaal, coal in the, 7 
Ttausl & Co., 127, 12H 
4Prepan or chisel, 121, 122 
^Triassic formation, coal in, 6 
Tubing, head of, 1 18 

of bore-holes, 80 

Typical coals, composition of, 2 

l^NiTKi) States of North America, 
coal output <»f, 6 
coalfields of, 1 3 

VaM'K of fuels, 32 
Van Ertborn, Ilartm, niferencc to, 
113 

Variation in coid seams, 10 
Verbunt’s system of iKiriiig, 134 
water swivel, 110 


Vivian, reference to, 178 
Vivian Diamond Boring Company, 
82 

Vogt system of boring, 134 

WAM.SEND coal, 9 
Warwickshire coalfield, 8, 1 1 
Wash-outs, 64, 65 

Water current used in K>riiig, 112, 
115, 116 

! - - sheets, iMwiiig in, 1 1 4 
— swivels, 111), 121, 145 
' Weight of peat, 3 
i Welsh steam coal, availahle supply 

I of. 1 1 

Westphalia, Ikorings in, 131 
Wigan, cannel ««! from, 2 
Wisconsin (I'.S.A,), American rope- 
drilling in, 81 

Wolski’s boring apparatus, 135 
I W(H>d, tHimposition of, 2 
; Wood, Nicholas, reference to, 21 
W<K)den boring rods, 101 
i WffHd 8, the, prtMluctum of coal, 5 
i Wyre, Forest of, 8 

i 

I Yoiikhhikk, coalfield of, 8, 0, 11 
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